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2Primary reflection in scientific 
and technical thought, has allowed us 
to possess and manipulate our world 
more completely.
However, we have an urgent need 
to get our secondary reflection right 
as well. Until our ideas are right we 
can never hope to get the machinery of 
the world working smoothly.
3ABSTRACT
The substitution of unsymmetrical tetra~alkyltins,
n i n*3 o
reaction (1* R ~ Me, Bt, Pr , Bu , and Pe ), in solvent
methanol at 30 °C has been studied,
Pr^SnOAc + RHgOAc (1)
3
The reactions have been shown to follow second order kinetics, 
first order in each reactant* The order of reactivity was 
found to be?
R - Me >  lit >  Prn >  Bu1 >  Pe1160 >  P r \  .
This order is quantitatively and qualitatively very similar 
to the sequences found in previous work for substitution of 
symmetrical tetra-alkyltins by mercury(II) chloride and by 
' mercury(II) acetate in.solvent methanol. By-analogy with 
these former reactions, reaction (1) is deduced to proceed 
with retention of configuration at the carbon atom under­
going substitution.
The substitution of tetraethyltin by mercury(II)
t -fc
carboxylates, reaction (2» R - Bu , Bt, Me, C1CH0CH^, Me0CHo, 
and C.ICH2) has been studied kinetically both in the protic
lit.'Sn + Hg(OCOR)0 ----- >- fit SnOGOR1 + E'tHgOCOR (2)
r ci $
R-SnPri + Hg(OAc)
solvents methanol and tertiary butanol and in the aprotic
4solvents acetonitrile. and acetone at 30 °C,
The reactions have been shown to follow second order kinetics, 
first order in each reactant. The order of reaction rates 
observed for reaction (2) both in methanol and tertiary 
butanol was:
R 1 = Bu11 <( Et <( Me <( C1CH2CH2 <( MeOCIg CICHg •.
O i
Stability constants for the Hg / RC02 systems in methanol 
have been calculated and together with the observed rate 
constants for reaction (2) have been used to deduce the 
actual rate constants for attack of the species RC02Hg+, 
(RC02)2Hg, and (RCO^^Hg on tetraethyltin* it is suggested 
that reaction (2) in methanol and tertiary butanol takes 
place by the S^2(open) mechanism, The reactivity sequence 
found for reaction (2) in solvent acetone and acetonitrile 
was:
r ' s Bu* £= Bt ss Me <( C1CH2GH2 MeOCH2 <( CICfg. •
The effect of changing the electrophile on the rate of 
reaction (3; R K Me, and Et* X = Cl, I, and OAc) in solvent 
acetone, the dissection of activation parameters into initial
R,Sn + HgX0 ----  ^  R SnX + RHgX (3)
4 £ 3
state and transition, state effects, and kinetic salt effect 
studies, all suggest that reaction (3) in solvent acetone
5and acetonitrile proceeds with.a mechanism most probably 
intermediate between S,*2(open) and S 2(cyclic) <,-
. il
lodinolysis of symmetrical tetra-alkyltins, reaction 
(4. r = Me, Et, Pr11, Bu1, and Pene0)9 in solvent methanol
R^Sn + Ig  i— >  JUSnl + RI (4)
at 20 °C revealed the following reactivity sequences 
R = Me )> Et Pr11 Bu1 c= Pene0 )> Pr1 .
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9INTRODUCTION 
# •& •?>
10
SECTION 1 
General Introduction
11
Substitution reactions at saturated carbon atom are 
generally classified as heterolytic or horaolytic reactions, 
This refers to whether bonds are broken unequally* both 
electrons remaining with one of the groups, or equally with 
one electron staying on each group.
R — 1>  SN
L ' -----^ + ) Sv
R -1— L -— :— 9- R' + L S„ K
These lead to nucleophilic substitution reactions,S^, 
electrophilic substitution reactions, Sg, and free-radical 
substitution reactions, respectively. The reactions 
with which we will be concerned are heterolytic, where the 
fission of the bond between the carbon atom of the moving 
group (R) and the leaving group (L) leads either to 
mechanism (S^) or to mechanism (S^) „
Whereas nucleophilic substitutions of a substrate R~L 
will be favoured if the leaving group is an electronegative 
group, electrophilic substitution will require ’ an electron 
donative group, L, to be attached to the alkyl group, R. 
Most of the common functional groups in aliphatic chemistry 
are, however, electronegative and the resultant lack of 
suitable substrates is no doubt the major reason for the 
late development of electrophilic substitution at saturated 
carbon atom as, a field of kinetic and mechanism studies.
12
Metals, and metal-containing groups, are prime examples 
of electron donative groups and hence metal alkyls would 
be expected to function as substrates suitable for the 
electrophilic substitutions.
As a preliminary to the discussion of the kinetics of 
substitution at saturated carbon, it will be useful to 
describe the various mechanisms which are possible, along 
with their expected stereochemical outcomes *
13
Possible mechanisms of nucleophilic substitution at 
saturated carbon atom.
Unimolecular nucleophilic substitution, Sxgl
The reaction is written as talcing place in two steps, 
the first of which involves a slow and reversible ionization 
and formation of a carbonium ion (i.e.rate determinig step). 
The second step involves a fast reaction between the \ 
carbonium ion and a nucleophile , Accordingly the kinetics 
should be first-order; the rate depending on the concentration 
of substrate but not on that of the nucleophile.
The S^l process involves some inversion accompanied by more 
or less extensive racemisation, depending on whether the- 
nucleophilic attack occurs before or after planar configuration
Bimolecular nucleophilic substitution, S^2
The reaction proceeds in a single step, in which attack 
of nucleophile at saturated carbon atom occurs from the back 
side and five pairs of electrons are arranged around the 
central carbon atom. This mechanism requires the rate to 
depend on the concentration of both substrate and nucleophile
\ slow c4 + Xc —  X
c
of the carbonium ion has been-achived'
1
14
(i*e. second-order overall)*
\
N -C —  X N C-— X/ \ *£• /c*. + x'V
2 3
As a general rule,9 the S^2 process involves inversion 
of configuration at the central carbon atom (Walden inversion).
Unified mechanism of nucleophilic substitution
4 5It has also been proposed that J all nucleophilic 
reactions proceed through an ion pair intermediate *
R - X R+ X'
H
SN2
+
R + X
R - N + X
reaction with 
nucleophile, 
or solvent*
SmI
R — N reaction with 
nucleophile, 
or solvent*
If the rate determining step is the formation of the 
ion pair, this will result in S 1-type kinetics, but if the 
rate determining step is the nucleophilic attack on the ion 
pair, S^2-type kinetics will be observed*
15
Possible mechanisms of electrophilic substitution at 
saturated carbon atom
The notation generally used for electrophilic reaction 
is that RMX is an organornetallic substrate, in which R is 
the group undergoing substitution (moving group), M is a 
metal atom, and Xn represents any other atoms or groups
(including alkyl groups) attached to the metal * The entire
/
entity is thus the leaving group . The formula JS-N will 
be used to describe an electrophilic reagent in which E is 
the electrophilic pole and N is the nucleophilic pole .
Unimolecular electrophilic substitution, Sgl
6
This mechanism was first invisaged by Hughes and Ingold
in 1935, although it was not observed with organornetallic 
7 8substrates ’ until 1963-4. In an analogous step to the S^l 
reaction there is a slow reversible ionization-to give a 
carbanion, which is followed by the rapid combination of 
the carbanion with an electrophile.
R -— MXn ==liSI=s R" + MXjj
R~ + E - N — R _ e + h~
A reaction proceeding by the S^l mechanism requires limiting
first-order kinetics, first order in R-M.ln and zero order
in E-M, and extensive or complete racemisation at the site
9
of attack would be expected to accompany substitutionThese 
observations only apply in dilute solution with the reactants 
at approximately equal concentrations.
16
The formation of carbanion would be favoured in polar 
solvents and in the presence of added inert salts which 
would be expected to help stabilise the anion, Eurther 
stabilisation would be encouraged by R group with a (-1) 
inductive effect and by, for example, steric and resonance 
effects,
Bimolecular electrophilic substitution, 3^2
10It has been suggested that within the classification 
of S™2 reaction, there is a wide spectrum of mechanisms,hi
which depend on the relative dominance of electrophilic 
and nucleophilic attack,
(i) S 2(open)
  .ft ....
In this mechanism the incoming electrophile and the 
substrate react in a single bimolecular elementary reaction. 
There are two main possibilities for the stereochemical 
course of such a reaction, depending on whether the • 
configuration of the carbon atom undergoing substitution 
is retained or inverted.
H- MXnN
R~MXn -4- E~N N—E' "n R E + MXnN
Both stereochemical outcomes have been•observed
11 ? 12
„ ana
17
13more recently Abraham et al have used the term Sg2(open)
to describe all these bimolecular substitution* themechnisms 
will therefore be denoted S^2 (open)Inv . and S-^ 2(open)Ret,
It can be seen that, in both cases electrophilic attack is 
dominant, the nucleophilic pole of the reagent having very 
little effect.
(ii) S ,H-'2(cyclic)
If the incoming electrophile approches the central
carbon atom from the same side as that from which the
leaving group departs,.it is possible that some nucleophilic
centre in the electrophile may co-ordinate to the metal
atom in the leaving group as substitution occurs. A cyclic
14
or synchronous mechanism will then result,
„ 4=
Retention is the only possible stereochemical outcome, and 
the mechanism could involve either four-centred or 
six-centred transition states. Various notations such as
information about the mechanism, and will therefore be used 
here .
(iii) S^2(co~ord)
—--  ii----------
This mechanismimay be regarded as the extention of the
S-gij Sp2, and 8^2 have been used by others‘^ ~'^respectively,
13but the term S-q2(cyclic) by Abraham et al gives the most
8^ ,2(open) and 6 ,^2(cyclic), and occurs when there is a strongly
18
nucleophilic centre in the attacking reagent, which first 
co-ordinates to the metal atom in the substrate to form 
a co-ordination complex, to be followed by the electrophilic 
cleavage YT
/ MXn
R - MXn + E - N ^ = 5 ?  R \   R E  + NMXn
E-N
The stereochemical course of reaction leads to retention of
configuration at the substituted carbon atom* The notation
of S-gC and 8^2 have been used^’^  but the term Sg2(co-ord)
13
by Abraham et al, seems to be reasonable with respect to 
the various previous suggestions,
All the 8g2 mechanisms require second-order kinetics, 
first order in each reactant, when the two reactants are 
present in dilute solution at approximately equal 
concentrations.,
The mechanism Sg2(open) is not limited by the Pauli 
principle to preducing inversion of configuration because 
there is no excess of electrons in competition for the 
transferred bonding orbital in the transition state, the 
circumstance which in nucleophilic substitution keeps the 
exchanging groups apart . In bimolecular electrophilic 
substitution proceeding by the 8^ 2(open) mechanism 
therefore any stereochemical result might be expected,
Conversly there is only one possible stereochemical 
outcome for bimolecular substitution proceeding by the 
3 .-,2 (cyclic) and S,,2(co-ord) mechanisms, since these
.6 '  r.i ’
transition sta.tes necessarily imply retention of configuration.
19
The stereochemical course of the S„2 reaction has
therefore reci.ved a lot of attention and nearly covers
most of the investigations which have been reported in this
field* Two broad conclusions may be drawn from the results
of these investigations* metal-for-metal substitutions
apparently proceed with retention of configuration at the
substituted carbon atom^f”^  whilst in the halogenation
reactions, both inversion and retention have been 
35-45observed, but the dividing line betv/een the stereochemical,
course of reaction is far from clear.J2i
12 34
From the work of Jenson in America and Grellier
in England, it is possible to deduce the stereochemistry of
an 3^2 reaction by comparison of the effect of alkyl groups
on the rate of substitution with alkyl group effects on the
rate of a typical S^2 reaction. Accordinglyy an Sg2(open)Inv
reaction should show a large steric effect which parallels
the effect in Sjj2 reactions« this would be expected since
the geometry of the 3^2 and 3-^2(open)Inv transition states
are similar. However, if different steric effects are
obtained this implies that mechanism 3^2(open)Het is
operating. Because of the different geometry in inversion
and retention transition state, different steric effects
are expected. Abraham and Grellier applied this correlation
to the other 3^2(open) reactions which have been studied
kinetically but not stereochemically, and made stereochemical
assignments for a number of these reactions.
For cyclic transition states, the situation is not
clear-cut, and there may well be a number of reaction rate
20
sequences possible, owing to different combinations of 
steric and polar effects in the transition state, whilst 
a polar sequence of reactivity would be expected to be 
characteristic of the Sg2(co~ord) mechanism^.
Catalysed reactions
Many of the electrophilic substitutions may be aided,
a
or accelerated,by nucleophiles * A nucleophile could complex 
with either the substrate or the electrophilic reagent with 
different kinetic consequences* However for unimolecular 
mechanism there is but one possibility, since only the 
substrate can bring the nucleophile into the transition 
state . If, however, a bimolecular substitution is found to 
be subject to nucleophilic catalysis, and if it is concluded 
that, say, one molecule of the nucleophile ,B., is involved in 
the transition state, then for S^2(open), catalysis would 
probably proceed through R~MXnB while decatalysis would 
result from BE-N* lor S^2(cyclic), catalysis could result 
from either complexation, since the nucleophile would 
probably be incorporated in the cyclisation, while for 
Sj^ 2(co~ord) it is probable that catalysis would proceed 
through BE-N.
21
Other possible cleavage mechanism
Several mechanistic proposals have been made concerning
reactions of transition metal alkyls with acids, halogens,
mercury(II) salts, and stereochemical changes occurring at
oCcarbon in reactions of transition metal-alkyl complexes
46
have been the subject of considerable interest. The recent
47
work of Attig and V/ojcicki is the first study which 
shows unequivocally that such processes must involve a 
reaction intermediate , These workers suggested that direct 
attack of the electrophile on the alkyl group does not take 
place* instead, addition of the electrophilic species to 
the metal is occurring. Accordingly a reasonable intermediate 
is that derived by oxidative addition of E to the substrate 
(RS5Xn) through a reversible step*
HMXp + liK HM+ (E)Xn + N
k_2
They reasoned that, the higher degree of stereospecificity 
at iron for the cleavage with 1^ than with HI or Hgl2 may 
be related to differences in the mechanism of conversion 
of intermediate - to product. These differences
were suggested by the reported stereochemical changes at
46
saturated occarbon which accompany such reactions.
When H=H or Hgl and R~Me, the intermediate would be 
expected to decompose via reductive elimination of CH^ or 
MeHgl, respectively.
K M + (Ii)Xn  — -i U B Lg. RIO M + X
22
However, Yjhen E-I, nucleophilic attack (3^2) of external 
I~ at the methyl group R with extrusion of Mel may be 
operative instead of, or in conjunction with, the former 
type of reductive elimination; viz.
H "  + HM + (J3)Xn — Rtl + ' B M X n
No evidence for the oxidative addition/elimination
or the oxidative addition/S^2 mechanisms was offered by
Attig and V/ojcicki (other than the stereospecificity at
48 <
iron), but Johnson . et al have shown that when the 
complex jlphC^Co'^’(dmgH^aqJ is treated with IrClg the 
cobalt is oxidised to QcP^ yielding jphCHgCo^^mgH^&qJ 
The C o ^  complex can then be attacked by external halide 
ion X in an 3^2 step to give PhCHgCl* similarly the 
s-octyl-Co^ bond can be broken by Br to yield s-octyl-Br 
with inversion of configuration *
23
SECTION 2
Steric and Polar Effects of the Substrate 
in Sfi2 Processes
24
In many cases of bimolecular electrophilic substitution
at saturated carbon atoms, a clean-cut distinction between
polar and steric factors does not appear possible at present.
Therefore polar factors as well as steric factors will
frequent].y be discussed in this section. On occasions, the
relative importance of two factors is either not well
understood or even highly controversial* in such cases both
factors will be presented and an evaluation of their relative
importance attempted in the light of all experimental
evidence that appears relevant.
49,50
Gielen, Rasielski et al have extensively studied the 
halogenodemetallation of both symmetrical and unsymmetrical 
tetra-alkyltins using a variety of polar and non—polar 
solvents, lor unsymmetrical tetra-alkyltins, they obtained 
in polar solvents such as methanol and acetic acid, and
i
keeping R constant, the sequence
R s Me Et i  Bu11 )> Prn )> Pr1 )> Bu1* 2.1
in iododemetallation at 20 QC . In non-polar solvents such as 
ciil orobensene, the sequence for the bromodemetallation at 
20 °G was
R = BiT Me^> B'fc = Pr1 Pr11 = Bun 2.2
lor. substrates written as RSnR^, the alkyl group R is 
the moving group and the SnR^ set is the leaving group.
25
They reasoned that the different alkyl rate sequences
were the combined result of parameters, such as nucleophilic
catalysis by the solvent* and steric decompression effects*
They suggested that in general* a cyclic transition state
would obtain in non~polar solvents, because the solvent
would be unable to stabilize the partial charges
characteristic of the open transition state. The internal
attack by the nucleophilic part of the reagent prevents
rotation of the leaving group ~MXn, thus immobilising the
radical, and making it less stereochemically hindered, so
that the rate sequence would be polar, not steric, in origin.
49
This explanation fitted their results for the symmetrical
50 i
(R^Sn).and unsymmetrical (RSnR^) tin cases.
In polar solvents they suggested, the external
nucleophilic assistance by the solvent is much more effective
than the internal nucleophilic co-ordination of the attacking
reagent, and the rate sequence here would be steric and the <
favoured transition state would be of the open type.
51Taleschini and Tagliavim * have also determined the 
second—order rate constants for iodinolysis of a number of 
unsymmetrical tetra-alkyltins, RSnBu^? but at 35,5°C rather 
than at 2 0 °C. They also obtained two rate sequences, for 
non-polar solvent and methanol in agreement with Gielen 
and Nasielski1s proposals, that
(i) an open transition state would be favoured in polar 
solvent and the reactivity sequence would be
26
(ii) a cyclic transition state would be favoured innon-polar 
solvents, and the reactivity sequence would be
R - Me <(^t^> Prn ^ P r 1 2 A
They showed that these results held for several reaction
series, but when Abraham et al
10,52a
assembled data for a
much wider range of S^2 reaction, it was apparent that 
G-ielen and Nasielski's steric division of reactivity sequence, 
according to solvent polarity, is not completely valid,, 
although it certainly applies in many instances ,
Gielen and Nasielski have also postulated that the 
sequence of reactivity 2 *1 was due to steric interaction 
between the incoming iodine molecule and the leaving group 
-8nR^ in the transition state.
\
i "
V-i:'
/ Sn— R 
^R*
I
10M. counter proposal was put forward by Abraham and Hill* , 
however, that the size of the moving group R has a profound 
effect on the rate of reaction. This seems to be more 
reasonable from the kinetic data as shown in the Table 2.1,
t
since the size of the leaving group -SnR^ in general has 
little effect on the rate compared with the effect of moving
group R, unless the group is very bulky and contains, for
i t ’ 
example, Pr or Bu group.
27
Table 2.1* Relative rates for series of substitution 
with constant leaving group
R ________
Reaction8- Solvent t/°C Me St Pr” Bun Pr Bu
R-SnBuj +HgI2 aq MeOH 25 100 - - 0.1 -
R-SnBuj+ X2 MeOH 20 100 - - 0.7
R-SnEtj + I2 MeOH 20 100 6.2 1.8 1.7 0.1
R-SnMe* + I2 MeOH 20 100 14 3.1 7.5 0.6 0
R-SnI4e5 + I2 AcOH 20 100 16 2.7 5.2 0.8 0.1
R-SnMe, + Brg AcOH 20 100 41 12 19 1.0
:30+ H2(
R-HgX + HgX2 EtOH 60-100 100 73
R-Hgl + H^0+ H,0 110 100 42 22 - 13 0.81
,-b
a, The relative rates cleavage refer only to cleavage of 
the group R* the data are taken from RefB 52b.
s
b, These value are for Rf-Bu .
£5 0
This was recognised by Gielen et al^ who thenadvanced 
the proposition that steric inhibition of solvation and 
steric inhibition to the approch of the iodine molecule are 
important factors. They wrote a mechanism for the iodinolysis 
which involves co-ordination of the nucleophilic solvent 
methanol (Nu) to the tetr a-alky11 i n, in a step prior to the 
rate-determining substitution.
Although no co-ordination complexes of tetra-alkyltins 
with nucleophiles (i.e. lewis bases) have been reported, 
it is known that trialkyltin chloride can form co-ordination 
complexes with various lewis bases. Boli.es and Drago^have 
shown that trimsthyItin chloride forms 1*1 complexes with
28
bases such as acetone, acetonitrile, dime thyl'sulphoxide,
and pyridine,, All of these complexes are formed exothermally
0
(in inert solvent such as CCl^), with values of A.H299 
ranging from -4.8 to -8.2 kcal mol'”1 for the reaction.
54
Recent thermochemical measurments by Abraham et al
have shown, however that a solute such as tetraethyltin
dissolves in nucleophilic solvents endothermally in 
comparision with dissolution in an inert solvent (seeihble 
2.2). In view of these measurments, it is difficult to 
visualise any interaction between tetraethyltin and 
nucleophile solvents that could correspond to the situation 
proposed by Gielen and Nasieleski.
Table 2,2. Heat of solution of tetraethyltin
(kcal mol-1) at 25 °C
Solvent A H g
H20 4.4
MeCN 2.7
MeOH ■* 1.9
t-BuOH 1.5a
CC1, 0.4
a, At 30 C
The most relevant works on mercury for tin substitution
reactions is due to Abraham and his coworkers, who studied
the ele’ctrophilic substitution of various tetra-allcyltins
by. mercury(II) salts using a variety of solvents,
55Abraham and-Spalding have shown that the substitution
29
of tetra-alkyltins by mercury(II) iodide in solvent 96$ 
methanol-4$ water* proceeded by the rate-determining 
bimolecular reaction 2 *5? followed by a subsequent rapid 
reversible reaction between trialkyltin iodide with 
mercury(II) iodide in a 1*1 ratio,
k9
R^Sn + Hgl  n ™ -> R^Snl + RHgl 2.5
'R^Snl + Hglg ^ ===r===--:-^ R^Sn+l + Hgl^' 2.6
The rate equation for the formation of RHgl was integrated
56
both directly and numerically. They found that the relative 
rates for the symmetrical tetra-alkyltins follow the very 
pronounced steric sequence
R = Me^> Bt^> Prn^ B u n >^ Bu1 t> Pr1 2.7
Abraham and Spalding have also shown that the
n
substitution of the unsymmetrical tetra-alkyltin, MeSnBu^, 
by mercury(II) iodide involve only the cleavage of the 
methyl—tin bond, and made some interesting suggestions as
57to the '‘origin" of this steric effect. They reasoned that 
if the non-bonding interactions in the transition state 
(see page 33) determined the rate sequence then the following 
interactions could be considered.
(i) Interactions' between the alkyl group undergoing 
substitution and the incoming electrophile5 Hglg*
The term'‘x$aq methanol will be used to describe the
solvent mixture x% methanol, (100—x)$ water (vol/vol before 
mixing)0
30
(ii) Interactions between the alkyl group undergoing
.
substitution and the leaving set of atoms SnC- (this sei 
of atoms remains constant no matter what alkyl group make
i
up the total leaving group, -SnR~) .
(iii) Interactions between the alkyl group undergoing 
substitution and the/? or ^carbon and hydrogen atoms in the 
leaving group ,
(iiii) Interactions between the incoming electrophile, 2* 
and the/3 or % carbon and hydrogen atoms in the leaving' group 
(the interaction betv;een H g ^  and the set of atoms SnC^ 
remains constant through all of the substitutions and can 
thus be ignored).
.In addition to interactions (i) and (iii), initial state 
contributions and interactions involving solvent molecules 
could also play a "minorn part,
(
By comparing the relative rates of cleavage of a methyl
n n
group from Me.Sn(lOO) and Me-SnBu7(3Q) and of a Bu group v j
n 57
from Bu Sn(O.ll), they demonstrated that the rate of
cleavage of Me-Sn bond is not significantly altered by a
large variation in the size of the leaving group. However
n
when the leaving group is the same -SnBu^ the Me-Sn bond
cleaves much more easily than the Bun—Sn bond. Hence
interaction (iii) and (iiii) above, would seem to be of
little consequence, and interactions (i) and (ii) must be
dominant ones ,
58A study the effect of added lithium perchlorate on
n
the second-order rate constant for reaction 2.5 (R~ Ut, Pr, 
and £un) showed that all three substitutions in solvent
31
96% aq methanol, were subject to marked positive kinetic
salt effects, The effects of added salt on the rate were
” 59 60analysed in terms of the Bronsted~Bjerrurn equation* 5
R.Sn Hgl0 .4
k / ko = ^  ^  2.8
where k and. k0are the second-order rate constants in the 
presence and in the absence of salt (LiClG^), respectively,
and are the molar activity coefficients of
° *the tetra-alkyltin and mercury(II) iodide, and 5^ is the
molar activity coefficient of the transition state , In the 
absence of lithium perchlorate all of these activity 
coefficients are set equal to unity.
All of the reactants (Et^Sn, PrqSn, Bu^Sn, and Hglg)
1
were salted out by the lithium perchlorate, and Setchenow s 
equation^ was followed,
log ( S / So) = o([l,iC104] 2.9
where S and SQare the molar solubilities of the reactant 
in the presence, and in the absence, of lithium perchlorate^ 
and c£ is the salting out parameter.
The activity coefficient of each reactant at each salt
61 (v/
concentration was obtained by use of the equation $ - S0/g 
on the grounds that the reactants are only slightly soluble 
in 96^ aq methanol, The activity coefficient of the 
transition state was calculated from equation 2 ,8 0
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Values of activity coefficients obtained for reaction (2*5? 
R=Et) are given in fable 2*3 .
fable 2 .3 . Molar activity coefficients in reaction
(2.5; K=Bt) at 40 °C in solvent 96% aq methanol
LiClO^I 
mol 1 k / k0
Et^SnV ngi2'Y $y
0 1 1 i i
0.016 1 .02 1,015 1,015 1.01
0 .059 1,11 1,060 1.060 1.01
0 .081 1.13 1,080 1.080 1.03
0 .107 1 ,18 1.100 1,100 1.03
0 .161 1.31 1.160 1.160 1.03
0.262 1,47 1.270 1.270 1.10
0.592 ■1.59 1.430 1.440 1.29
0.505 1,80 1.580 1.590 1.40
0.670 2.04* 1.840 1.840 1.68
It can be seen from fable 2.3 that, up to about
1mol 1 LiClO^s the large kinetic salt effect is due solely
to the reactants being destabilised by the added lithium
perchlorate ( /y 4° ■ and 2 becoming grater than unity)
and is not due to the stabilization of the transition state *
The salt effect on the transition state, therefore did not
£
follow Setchenow’s equation and hence the variation of *y
with LiGlO^ is intermediate between that observed for
non-polar non-electrolytes, such as tetra-alkyltins, and
that observed for very polar solutes such as 1*1 electrolytes.
58,62
fhe conclusion^was reached that the transition
state in reaction 2 ,5 must be polar,- with some separation
of charge, and the steric sequence of reactivities were 
interpreted as indicative of an 8^ 2(open) mechanism and 
a transition state of the form*
5 +
-SnRi
R
5-
H g l
3
2 A
Entropies of activation for reaction 2*5 calculated 
65by Spalding  ^ are given in Table 2.4. Their values fall into
the category of high negative values (-20 to -30 cal deg~^
-1 64,65
mol'" ) which, it has been suggested are indicative of
a cyclic rather than an open transition state. While Spalding
accepts that values might be expected for cyclic transition
states he suggests that they might also result fromreaction
with transition states more polar than the initial states®
Table 2.4. Activation parameters^ for reaction 2,5 
in solvent 96% aq- methanol
R
A g
A h '
298
A
L298 
-tas|98
AS^gg
.n nMe Et Pr Bu Bu Pr
17 *70 20.60 21.75 21.70 23.30 27.50
9.20 11.65 12.35 12.50 14.35 18.55
8.50 8.95 9.40 9.20 8.95 8.95
•28.4 ■30 .1 •31.5 -30.9. -30.1 -30.1
r* ot- - 1.# A G  '.AH and -TA.S in kcal. mol , A S ! in cal deg~ mol •1
He cites, as examples of this, activation entropies between 
(-30 and -40 cal deg ^ mol for reactions of Menschutkin
type.which are bimolecular reactions between the speci<
34
i
R I and R^N, and which can only proceed via an open
transition state which is more polar than the initial
states,, On this basis he claims that the activation entropies
shown in Table 2.4- are not inconsistent with the proposed
S.,2(open) mechanism.
E
Abraham and Johnston showed that the substitution of 
tera—alkyltins by mercury(II) chloride in 96% aq methanol 
reaction (2.10* R«Et) followed straightforward second-order 
kinetics, first order in tetra-alkyltin and first-order in 
mercury(II) chloride.
1c
R4Sn + HgCl2 --- -— =*■ RjSnCl + RHgCl 2.10
The second-order rate constant was invarient over a four-fold 
range of initial concentration of tetraethyltin and ten-fold 
range of initial concentration of mercufy(II) chloride, so 
that a rapid reversible reaction (2.11) is considered not 
to be the case.
EtjSnCl + HgCl2 = 5 = = ^  Et3Sn+l + HgCl~' 2.11
The kinetic salt effects of LiClO^ and of Bu^NClO.^ 
(tetra-n—butylammonium perchlorate) upon the rate ofreaction 
(2.10; R=Et) at 40 °C in solvent .96% aq methanol was examined # 
It was found that the magnitude of the salt effect 
upon the second-order rate constant was similar in each 
case and so demonstrated an independence of the salt effect 
on cation size * The more extensive studies with LiClO.4 were
35
63analysed in a manner like that of Spalding,
The same quantitative conclusions as to the nature of 
the transition state as those reached by Spalding were made, 
that the transition state was polar with some separation of 
charge *
They showed that reaction (2,10* R=Et) was considerably
accelerated as the solvent was changed from methanol to
aqueous methanol, Both salt effects and solvent effects thus
66
lead to the conclusion that reaction (2 .10; R-Bt) proceeds
by mechanism S^2(open) in solvent methanol-water.
67
Abraham and Johnston have also determined rate 
constants of a number of other tetra-alkyltins reaction 
(2.10; R=Me, Pr11, Bu11, Pr1, and Bu1) by mercury(II) chloride 
in various methanol-water mixture at 25 °C. Relative rates 
of substitution of tetra-alkyltins by mercury(II) chloride 
was found, to follow the same steric sequence (2 .7; see page 
29 ) as that found by Spalding for the substitution by 
mercury(II) iodide, and they suggested that the Sg2(open) 
transition state (see page 33 ) was in force for all the * 
substitutions studied.
The activation parameters for all the reactions were 
determined and for reactions in solvent 96% aq methanol are 
given in Table 2 .5* Using the argument advanced-by'Spalding 
(see page 53) these were shown to be consistent with the 
proposed mechanism.
68 'Abraham and Behbahany have studied the kinetics of
reaction(2.12; X= Cl,I, and OAc) using various tertiary
butanol-inethanol solvent mixtures. They found that the rate
36
Table 2 .5 . Activation parameters8' for reaction 2.10 
in solvent 96% aq methanol
R
A G f298
Me Et Pr ■D 11Bu Bu1 Pr1
16.89 20 .46 21.47 21.52 22 .72 28 .00
9.85 13 .85 13.85 14 .15 16.20 21 .00
7.07 7.31 7.63 7.38 6.53 7 .00
—23 >7 -24 .5 -25.6 -24 .8 -21.9 -25 .ob
1
A  H and -TA. S4 .m  kcsil mol~^ , S i nl cal dei
of -25. cal deg mol~J- for A S298 has been as
A H 298 
4
98
"1* /\ TJ^* A. i n  Ir o o l  mr\T /\ C*^ " i n  /~io 1
-t a s | 98 " -  ” ”  - ~  ~  - ™ b
^  ^ 29
and entropy of activation for reaction (2.12; X-Cl) is
considerably reduced as the solvent dielectric constant
68decreases. It was suggested that for a reaction in which
Jit^Sn + HgX2  Et,SnX + EtHgX 2 .12
non-polar reactants proceed to a polar transition state,
a decrease in entropy of activation with decreasing solvent
dielectric constant would be expected.
The effect of added tetra—n-butylammonium perchlorate
on the rate of reaction (2.12; X-Cl) was also studied. It 
68
was found that the perchlorate greatly increased the 
value of the second-order rate constant, and that this 
positive kinetic salt effect was more marked the lower was 
the solvent dielectric constant (see Table 2.6).
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The salt effects were analysed in terms of the equation
log(kA» )1 _ 4 7VNe^ Z2d _ Jz2d g ^
i ji— **0 2303(sfcr
where ko is the rate constant in the absence of salt, k is 
the rate constant in the presence of salt at an ionic 
strength I, N is the Avogadro number, e is the electronic 
charge, 8 is the solvent dielectric constant, tc is Boltzmann 
constant, and T is the absolute temperature. The transition 
state is suggested to act as a dipole consisting of point 
charge +Z and -Z separated by a distance d, Details of the 
calculations are in Table 2.6• the value of Z has beenj
Table 2.6. Analysis of the kinetic salt effect9" of
Bu^ NC10 for reaction 2.12
Solvent T/°K" 8 p [log (k/k0) z2d
X—'>■ 0
Z
MeOH/H20 313 32 .2 0.903 1.56 1.73 0.75
MeOH 298 -32.6 0.972 2 .15 2.21 0 ,84
x(Me0H)-0 .84 298 27.2 1 o396 3.73 2.67 0.9-3
x(MeOH)-Q .40' 298 18 .7 2.954 6 ,94 2 .35 0 * CO -j
x (MeOH) ^ 0.20 298 15 .9 4 .086, 9.20 2.25 0.85
t-BuOH 303 11.6 7.423 19.0 2 ,56 0.91
a, The. data are taken from Ref .52c
deduced on the assumption that d~3 »1 S.*
For reactions taking place in methanol-water mixture, 
values of Z calculated in this way■(0.75-0.84) compare 
reasonably with previous estimated (0.60-0.70) values, and
38
hence the charge separation in the transition state was
expected to be very high for reaction in methanol-water
2
solvent. The interesting point is that the values of Z d, 
and hence of Z, are even higher in tertiary butanol
-ZQ OR
(8 = 11.6) than in methanol (8 - 32.6), thus indicating
that the transitionstate still carries a high separation of
charge even in solvent of comparatively low dielectric
6Rconstant. Abraham and Behbahany suggested that the
mechanism of reaction (2.12® R=C1) remained Sg2(open) along
the entire solvent range from aqueous methanol through
methanol to tertiary butanol.
Second-order rate constants for reaction (2.12* X*=I,
68and OAc) were also reported by Abraham and Behbahany . 
Kinetic salt effect of added tetra—n-butylammoniumperchlorate 
were studied for reaction (2,12* X-l, and OAc) both with 
solvent methanol and solvent tertiary butanol. Reaction 
(2.12* X=I) was accelerated in both solvents to about the 
same extent as was reaction (2,12® X=C1), and mechanism 
Su'2(open) was therefore suggested. The reaction of mercury (II)Hi
acetate with tetraethyltin was subject to very large positive
salt effects in methanol, perhaps due to anion exchange^ but
was unaffected by the electrolyte in solvent tertiary butanol.
68Abraham and Behbahany considered that it was not possible
to deduce the mechanism of the acetate reaction and that,
further^work was necessary to decide between mechanism
S.,2 (open) and mechanism S™2(cyclic).
Reaction (2.12;, X-Cl, I, and OAc) has been studied by 
6°Abraham and Hogarth  ^ using acetonitrxle as solvent.
39
Ietra-n~butylammonium perchlorate and lithium perchlorate
accelerated reaction (2 *12* X=C1); application of equation
2.13 yielded values for Z2d of 0.652 (Bu^- NCIO^) and 0.674
(LiClO^). If d is taken as 3.1 as before, these values
correspond to 0.46 and 0.47 for Z. Although such values of
Z are much less than observed when hydroxylic solvents are
69
used, Abraham and Hogarth considered the values of Z more 
compatible with mechanism S^2(open) than with mechanism 
S-.:,2(cyclic) . Added tetra-n-butylammonium perchlorate also
ill
accelerates reaction (2.12; X=I), and mechanism S^2(.open)
was again suggested to obtain.
Relative rate constants for reaction of mercury(II)
salts Hgl^, Hgl2? HgCl2 and Hg(0i\c)2 with tetraethyltin are
go
given in Table 2.7. Abraham and Hogarth  ^ drev? attention to
Table 2.7. Relative rate constants8, for the substitution 
of tetraethyltin by mercury(II) salts at 25 °C
Mole fraction Relative rate constants 
MeOH -- -------- -------- ---------
Solvent in solvent Hgl^ Hgl^ HgCl2 Hg(OAc)
MeQH/H20 0.716 0 0.60 1 137
Me0H/H20 0 .914 0 0.71 1 188
MeOH 1 0 0.76 1 255
t-BuOH/MeOH 0 .840 «». 0.76 1 139
t-BuOH/MeOH 0 .400 T 0.65 1 89
t-BuOH/MeOH 0.200 « . 0 .45 1 59
t-BuOH 0.000 0 0.28 1 67
Me CM 0 .000 0 1.82 1 4.5
as The data are taken from Re f o 52c.
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the fact that in methanol the sequence of reactivity is 
HgClg/^Hgl^ but in acetonitrile the sequence is. HgC^^Hgl^ 
even though all four substitutions proceed by mechanism 
Sg2(open), as judged from evidence of positive kinetic salt 
effects in all four cases,* Hence, they suggest, reactivity 
sequences amoungst the mercury(II) halides cannot be used as 
criteria of mechanism S^2(open) or of mechanism Sg2(cyclic). 
The reactivity of mrcury(II) acetate relative to mercury(II) 
chloride decrease by factor of 57 on change of solvent from 
methanol to acetonitrile* however, little can be said about 
this large decrease in view of the difficulty in assigning 
a mechanism to the substitution of tetraethyltin by 
mercury(II) acetate (other than that it is some sort of 
S-,2 reaction).XJ
As mentioned in Section 1,. the other important point 
in substitution of tetra-alkyltins by mercury(II) salts via 
S,n2 mechanism is the stereochemistry of substitution. It isii
possible that the transition state which produces inversion 
of configuration will exhibit different steric effects from 
that which results in retention, although in both cases the 
size of the moving group will probably be the most important
factor in determining steric effects.
12Jensen and Davis have suggested an interpretation of 
S,-,2 rate sequences which takes into account the stereochemicalli
course of reaction. They examined the kinetics of the 
reactions between alkyltrineopentyltins and bromine, in 
methanol. The reactions were S^2(open) processes, and they 
were shown, by optical activity studies, to react by
41
inversion at the site of substitution, Steric effects for
this reaction could be correlated with steric effects in
a typical S^2 reaction of alkylhalides . A plot of
log RSnPe^e°) A(MeSnPe^60)] against the steric quantity^2)
log [k(RX)/k(MeX)J was linear for the alkyl groups (R- Me,
Et, Pr11, Pr^, and Pe1160) . It was then suggested^that. the
stereochemical course of an S-^2 reaction could be deducedE
from comparisons of the effect of alkyl groups on the rate
of substitution with alkyl group effects on the rates of
substitution of other S^2 reactions of known stereochemistry.
12Jensen and Davis implied that the effects of alkyl groups 
on S ,2 reactions proceeding with retention of configuration
E
will show very little dependence of rate on the size of. the 
substituted alkyl group,
Abraham and Grellier carried out a kinetic study of 
reaction 2 ,14 using the entire and methylated series
R,Sn + Hg(0J\c)2 ----2— R_SnOAc + RHgOAc 2.14
of alkyl groups (except for R&Bu ) both in methanol and
tertiary butanol solvent^" They plotted log[lc(R/j.Sn)/k(Me^Sn)j
n i i neo.
for reaction (2,14* R= Me, Et, Pr , Bu , Pr , and Pe )
against the steric quantity log[k(RX)/k(MeX)j for typical
S^2 reactions of alkyl halides^®’ It was found that the
steric effects of ©<- and -methylated alkyl groups in the
Sq 2 reaction 2,14 are not the same as in the 3^2 or
S-n2 (open)Inv reactions * By comparisions of the steric 
E 1
sequences of reaction 2.3.4 with those of the reaction 2.10 
and the only S-^2(open)- reaction for which steric effects
42
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of alkyl groups have been obtained and for which
2f.
stereochemical assignments have been made , Abraham and
Grellier reached to the conclusion that the reaction 2 .14
in methanol proceeds by the mechanism of S_,2(open)Ret. For
this reaction in solvent tertiary butanol with regard to
the fact that, the steric effects for reaction 2,10 in
solvent tertiary butanol are greater than for the same
73reaction in methanol^(i .e.opposite that found for reaction
2.14), they suggested that polar effects were superimposed
upon severe steric effects, resulting in a decreased overall
74
effect. It was concluded that the transition states for 
reaction (2.14; R = Me, Et, Pr11, Bu^, Pr^, and Pe1100) in 
tertiary butanol are intermediate between open and fully 
cyclic, and therefore result in retention of configuration 
at the substituted carbon atom.
34The suggestion of Abraham and Grellier seems to be 
rather dubious, since they have compared effects in a series 
of symmetrical compounds R^Sn with effects in series of
compounds in which the leaving group is always constant •
ne o 12 26s
(e.g. RSnPe^ and RHgX ) although, as outlined before,
steric effects of the leaving group have been shown to be
much less than those of the alkyl group undergoing
substitution.
In summary, ther are three main theories at present, 
which have been put forward in an effort to be able to 
deduce the true mechanism which is operating in any 
particular S -^2 reaction.
43
The first, by Gielen and Nasielski , was a correlation
between the solvent polarity and the mechanism of
substitution. According to this theory an open transition
state would be favoured in polar solvents, whilst a cyclic
transition state would be favoured in non-polar solvents *
10 5 2
The second, by Abraham and Hill, 9 was a correlation 
between the reaction rate sequence and the mechanism of 
substitution* If the substrate in the S-^ 2 reaction is RMXU 
(see Section 1), then if the metal* M, the attacking 
reagent, the solvent, and the external conditions such as 
temperature are all kept constant, the reaction rate sequence 
refers to the manner in which the rate of reaction alters 
as the group R, and in some cases, Xn (if X is an alkyl 
group) are changed*
10,52
Abraham and Hill proposed that a steric sequence 
of reactivity (with respect to the alkyl group R) was 
characteristic of the S^2(open) mechanism, a polar sequence 
of reactivity was characteristic of the ;Sjg2(co«~ord) 
mechanism and mixed steric-polar sequences werecharacteristdc 
of. the S^2(cyclic) mechanism.
12The third theory that of Jensen,Davis and Abraham,
34Grellier involves a correlation between reaction rate 
sequence and the stereochemistry of substitution,, According 
to this theory a reaction which proceeds with inversion of 
configuration will give rise to a steric rate sequence,, as 
found in S^2 reactions, whilst for 3^2(open) reactions/ 
proceeding with retention of configuration the steric 
effects of ai- and /?-methylated alkyl group will show a
44
different steric rate sequence, from those in the S^2
12reaction and from that observed by Jensen and Davis for 
the S^2(open) mechanism, v/ith inversion of configuration*
45
SECTION 3 
Solvent Effect in S.^ 2 Processesi;
46
In order to consider the effect of the solvent on the
rate of reaction, it is necessary to distinguish between two
type of reactions which occur in solution (i.e. diffusion
controlled and kinetically controlled)*
Some reactions such as the combination of organic free 
75radicals have very large rate constants on the order of 
10^-10^ 1 rnol^ sec"'** * This is similar to the rate of 
collision between molecules in solution * It is assumed that 
reaction occurs at nearly every collision and that the rate 
is controlled by the diffusion of molecules toward each 
other in solvent.
The reactions with which we will be concerned are 
kinetically controlled, which have much smaller rate constants 
(usually about 1 1 mol”'1’ sec*”'1’ for second order reaction) ,
In discussing the effect of solvent on the rate of kinetically 
controlled reactions,however,it is convenient to distinguish 
between four types of reactions;
a, Reactions between neutral, non-polar molecules giving 
non-polar activated complexes (transition states) .
b, Reactions of neutral relatively non-polar molecules 
giving dipolar transition states.
c, Reactions between neutral molecules and ions. 
d« Reactions between ions.
Of these, the first two types will be considered here.
for the,first type, reaction(a), there are few examples
which have been studied in a wide range of solvents . It has 
76,77
been found that, this type of reaction has remarkably
little solvent dependence .Rven when a small change in dipole
49
moment might be expected in going from reactants to product,
as in the Diels-Alder-reaction between cyclopentadiene and
78
benzoquinone, only a small solvent effect is noted.
Common examples of reactions between neutral and
relatively non-polar reactants giving dipolar transition
states are the Menschutkin reaction in which a dipole is
developed as the reaction proceeds. It follows that, if no
other factors are considered, then an increase in the
dielectric constant of the solvent would be expected to
stabilize the dipolar transition state, wherease the
reactants would be affected relatively little. Thus an
increase in the dielectric constant should lead to an
79 80
increase in rate, as have been found experimentally.
for a bimolecular reaction between neutral species A, 
and B, going through a transition state fr to products, it
where k is the reaction rate constant and k0 the rate 
constant under a standard set of conditions.
products 3»1
Q*j gt
may be- shown, that the following expression applies
In a reaction between neutral, but relatively polar
50
molecules, the electrostatic attraction which exists
between the reactants and the solvent medium will influence
the energy of the system, and hence affect the rate of any
81b
rection which occurs. Equation 3*3 which gives-' ' the
2
A g ’ =  k  i  l a V  =  -  , D
2D + 1
5*3
electrostatic contribution to the free energy of transfer
from a medium of dielectric constant unity to one of
dielectric constant D, of a dipole of moment in a spherical
82molecule of radius r, has been put forward.
Substituting from equation 3.3 into equation -3^ 2 it 
follows that
8  1 In k/ko >= R  T In
y *
f 2 2 2
D - 11 Va + _^B
2D •f'ljjr'5
I A R
3;4
Although the dielectric constant B actually refers to that 
of the solution, it is usual, when working with dilute 
solutions, to consider D as the dielectric constant of the 
pure solvent.
If the transition state of a reaction is electrically 
neutral, but with a ,stronger dipole than the initial states, 
then logk should be a linear function of (D~i)/(2D*1) and
51
increasing dielectric constant will produce an increase in 
rate of reaction,
' 67 68Such a relationship was used by Abraham et al for
the following reaction in a range of methanol-water and
methanol-tertiary butanol mixtures ,
R.Sn + HgCl9   R,SnCl + RHgCl 3.5
4- j
2 3
Since VA - 0, the approorate term (\£a/ rA) in the
V Et4Sn
equation 3.4* disappears, and it is seen that a plot of logk 
against (d-l)/(2D*tl) would give a line of positive slope if 
condition 3.6 is satisfied.
U  ^  \ \k^
\ » \  V HgClg
3 .6
* HgGl2
How r.|. must be greater than r^gC^ (since to first
3 3approximation r - r + r ) and so VA would have
*»■* ngbl2 R^Sn V  *'r
to be greater than rn for this requirement to be satisfied,
MigULg
A straight line graph of positive slope for reaction
(3.5? R « Et), thus was evidence of a transition state with
a larger dipole moment than that of the reactant HgCl2»
strongly suggesting considerable charge separation in the
transition state and thereby mechanism -Sj-,2(open) for the
substitution, in various methanol-tertiary .butanol solvents.
81b
The equation 3.4 has also been successfully aplied 
to the Menschutkin reaction between pyridine and benzyl 
bromide, and between triethyfamine and benzyl bromide, in
52
bensene-alcohol mixtures, but in general the correlations 
are not very good* The reason for this probably being that 
the Kirkwood function 3.4 makes no allowance for 
non-electrostatic forces, such as effects due to polarisation, 
which would be expected to play a significant part in most 
reactions. Correlations are particularly poor when a series 
of pure solvents of different dielectric constant is studied, 
rather than a series of binary mixtures containing different
proportions of the two pure solvents.
49Gielen and Nasielski have defined a solvent parameter
X, as
log (k/k0) - p X 3.7
where k is the rate constant for electrophilic substitution 
of a given substrate in a solvent, k„ is the rate constant 
for the electrophilic substitution in solvent acetic acid, 
and p ia some parameter that depends on the particular 
reaction. for the brbmodemetallation of tetramethyltin, 
p was defined as unity. By definition, the value of X for 
solvent acetic acid is sero. Using equation 3.7? Gielen and 
N a s i e l s k i ^  calculated values of X for four solvents. They 
observed that there was a linear relation between X and 
log£k(Me)/k(Et)], where k(Me)/k(Et) denotes the relative 
reactivities of tetramethyltin to tetraethyltin towards a 
given electrophile. • -
49Two factors were puu forward by Gielen and Nasielski 
to account for solve/it effects of the rate of halogenation 
of tetra-a'lkyltins .
53
a, A general stabilization of charge-separation in the 
transition state, this stabilization increasingwith 
increasing solvent dielectric constant,
b, A specific solvation of the leaving tin atom in the 
transition state by nucleophilic solvent, as in (i) . They
between tin and hydrogen in trimethyltin bromide. These 
appear to reflect the nucleophilic pov/er of the solvent 
towards the tin atom* the larger are the coupling constants
trigonal bypyramid(ii), Since the environment of the tin 
atoms in (i) and (ii) are quite similar, the variation of
an estimate of the power of the solvent to solvate the leaving 
tin atom in the transition state .
An important matter, therefore, to consider inconection 
with the influence of solvent on reaction rate is the 
possibility of solvation of the substances concerned in the 
reaction. Suppose curve (I) in figure 3.1 represents the 
potential-energy curve for a given rea ction in a particular 
solvent in which none of the reactants or the transition 
state is solvated. If in another solvent the transition state is
Me
solvent
jsolvent
(i) (ii)
11 7therefore determined the coupling constants J( Sn— H)
83the nearer does the trimethyltin halide approch the
j(-^*?Sn— H) with solvent might be expected to provide al-so
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Fig,3.1. Potential energy curves for reaction in which the 
transition state is not solvated (I) and solvated (II)
solvated but the reactants are unaffected, the potential
energy curve will now be as shovm at (It)* provided that no
other factors enter which have an appreciable influence on
the activation energy of the reaction, the maximum of the . •
curve will be lowered by an amount A H  equal to the heat of
solvation of the transition state , The energy of activation
when the transition state is solvated (E-nO is thus lowerJLl
than that (Ej) for the reaction in a solvent in which there 
is no solvation, A part from the influence of other factors, 
therefore, solvation of the transition state will tend to 
bring about an increase in the reaction rate.
If the reactants that are unsolvated in (I) are 
solvated in (H) but ,the transition state is solvated in
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Fig, 3 <>2. Potential energy curves for reaction in which 
the reactants are not solvated (I) and solvated (H)
indicated in figure 3.2, It is evident that solvation of one 
or more of the reactants will result in an increase of the 
activation energy, and the reaction will be retarded , It 
can be readily seen, further, that if both the reactants 
and the transition state are solvated, there may be little 
change in the activation energy, and the influence on 
reaction rate will be small, Attention may be called, 
finally, to the fact that the solvation of the products has 
no direct influence on the rate of reaction.
The problem of predicting solvent effect on rates of 
reaction is therefore now a problem of predicting solvent 
effects on the activation parameters „ The difficulty is 
that the activation parameters depend not only on the
nsition state but also on the initial state , It is 
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therefore of considerable interest to dissect solvent 
influences on activation parameters into initial-state and 
transition-state contributions. As far as electrophilic 
substitution at saturated carbon is concerned, the only 
cases for which such a dissection has been carried out are 
the substitution of tetra-alkyltins by mercury(II) chloride 
in methanol-water, methanol-tertiary butanol solvent system 
and the iododemetallation of tetra-alkyl-leads in a number 
of solvents.
The variation ofAH for reaction (3.5^ R - Et) with
methanol—-water composition has been studied by Abraham
54 4et al. They dissected the solvent effect onAH into the
initial-state and transition-state contributions through
the equation
o o 4 4* '
A H ^ I r )  =AH°t(13t4Sn) +AH°(HgCl2) + A H g -AH. 3.8
O
where A H X(Y) is the standard enthalpy of transfer of 
species Y from solvent 1 (methanol) to solvent 2 (any other 
solvent). The tetraethyltin-mercury(II) chloride transition 
state is denoted as Tr , Values of A  H°~( ht^Sn) and (HgC^)
were found through calorimetrie.determinations of the heats 
of.solution of tetraethyltin and mercury(II) chloride, and 
combined with the activation enthalpies calculated, from the 
rate constants to give values of the standard enthalpy of 
transfer of the transition state ZiH‘l(Tr) „ for the highly 
methanolic region, ZkH^(Tr) was essentially zero, but 
increased rapidly in the more aqueous solvents, The values
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obtained could not be correlated successfully with non-polar 
solutes such as tertiary butyl chloride, or simple 1?1 
electrolytes like potassium bromide. However, it was 
suggested that a much larger Isl electrolyte, nearer to the 
size of Et^Sn-HgCl^ transition state, such as (R^H X) with 
a large anion, might provide a suitable model, but the 
required data were not available. Therefore they were unable 
to use the determined values of kXH^(Tr) to make any 
deductions about the nature of the transition state .
An analysis of the effect of methanol-water solvents 
on values of AG* for the same reaction has been carried out 
using an analogous expression^
o o $ £
AG°t (Tr) ^AG0t(Et4Sn) +AG°b(HgCl2) + A G 2 ~ A G x 3,9
where the A g ^  refers to the standard free energy of transfer 
from solvent 1 (methanol) to solvent 2 (any other solvent)* 
The concentration scale used was that of molar concentration 
(standard state 1 mol 1~^ * of solution, and unit activity),, 
The importance of being able to evaluate standard free
Q
energy of transfer of transition states, A G +(Tr) is that,
u
although the values do not, in themselves, usually yield any 
information about the nature of the transition state, they 
can be compared with values for various model solutes. If 
the two^ sets of values closely resemble each other, then the 
assumption can be made that the nature of the transition 
state is similar to that of the chosen solute . •
It has been suggested '^5 that if values of Ag!L(Tr) are
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o
plotted, for various solvents, against values ofAG^-(R^NX). 
(te tra-alkylammoniuin halide ion pairs), then the graph 
obtained can yield important information about the nature 
of the transition statep Three extreme cases can be listed, 
and intermediate-type behaviour is to be expected in many 
cases,
(i) If a straight line of unit slope is obtained for both 
hydroxylic and non-hydroxylic solvents, then the transition 
state can be said to resemble an ion pair, being polarisable 
with a high charge separation,
(ii) A single curve of slight negative slope implies that 
the transition state resembles a non-pola-risable 
non-electrolyte .
(iii) Double curves (one for hydroxylic solvent and one for
non-hydroxylic solvents) could mean that the transition .
\
state resembles a polarisable non-electrolyte,
A dissection of solvent effects on the free energies 
of the transfer from methanol to aqueous methanol for the
8,,2 reactions between tetra-alkyltins and mercury(II)i!/
84-
chloride was carried out by using solubility and gas 
liquid chromatogra,phy techniques, and the conclusions agreed 
with.those deduced previously from the enthalpy dissections . 
The rate increase occurring on addition of water to methanol 
was found to be entirely due to destabilisation of the 
reactants, and it was felt,from comparison with perchlorate 
ion pair data, that the transition stats was probably quite 
like an ion pair, although it was intermediate in character 
between this and non-polar solute.
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More recently^ a dissection of solvent effects has 
been carried out on the reaction between tetraethyltin and 
mercury(II) chloride in tertiary butanol-methanolmixtures . 
It was shown that the rate decreases as the tertiary butanol 
content of the solvent was increased were due to the solvent 
effect on the transition state (although there were large 
effects on the two reactants, these were in different 
directions, and so cancelled out). On plotting the values 
of
t 4
0^ G a «• G^ 3 *10
and of AG^(Tr) against the Kirkwood function (D-1)/(2B+1), 
good straight lines were obtained. The range of values of 
the dipole moment of the transition state thus obtained was 
even higher than that for the transition state of the S^l 
solvolysis reaction of tertiary butyl chloride, suggesting 
that an open transition state was operating in the S 2^
ii/
reaction*
87 ■ *Abraham and Johnston have attempted to probe more
deeply the problem of using initial and transition state
effects to distinguish between mechanismsa Following the
procedure of Alfenaar and -deLignyf^ they divided
values for transfer from methanol to aqueous methanol into
a non-electrostatic contribution and an electrostatic
contribution, vis.
A  G°+ s= Zi G° + ZS G° t e n 3 ,11
The value of was taken as the free energy of transfer
of a non-polar non-electrolyte of the same size as the 
species under consideration* then for a given species,
o O
knowing AG.J-, it was possible to deduce a value for A G e ,
They showed that for uncharged transition states,AGq was
related directly to the degree of charge separation (% ±)
in the transition state. Taking the (^±) value for the
tertiarybutyl chloride transition state as the reference,
transition states in S^l solvolysis were characterised by
high ( > 0 .8) values of (^±), whereas S^2 solvolysis
transition states were characterised by low (^ 0 .3) values
of (S±). Charge separation in the [Me^Sn/HgClpj" transition
state and the [ht^Sn/HgClp] transition state were
intermediate between those in S,T1 and S T2 solvolysis,
N N
indicating that the transition states for these Sg2 reactions 
are open rather than cyclic.
A similar dissection of solvent effects has been carried 
out on the reaction between tetra-alkyltins and mercury(II) 
chloride in terms of the entropy' function. The variation of 
S*As (S’A S  = -AS2 - A  ) values was reasoned to depend 
in a complicated way upon both initial-state effects and
v O
transition-state effects. The values of A  for transition
states were compared with values for various solutes of
approximately the same size as the transition state „ It was 
52d
concluded that charge separation is very high in both
jli. ^
pyie^jSh/HgClp] r and [ht^Sn/HgClp] transition states, for the 
particular solvent system (methanol-v/ater) under consideration.
85Solvent effects have also been dissected into initial 
state and transition state effects for the ST?2 iodination
JlJ
of tetramethyl-lead and tetraethyl-lead, which were examined
89 9 (
kinetically by Taglivini et al, and by Gielen and Nasielski'*
The dissection was carried out for 8 solvents, and initial
stater effects were shown to be quite high* The relative
reactivities of the tetra-alkyl-leads (Me^Pb reacting
faster than jit^Pb in polar solvents, and conversely in
non—polar solvents) were shown,to be due to transition
state effects* Little can be said about the nature of the
transition states (other than that they are some sort of
Sr,2 reaction) *
ib
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SECTION 4
Steric Effects of Alkyl groups 
in S^2 Reactions
64
The mechanism of bimolecular electrophilic substitution.
S,,2 reactions have not been investigated, as extensively asHi
nucleophilic substitution, neverthless several varients of
It can be seen that, in the open cases , electrophilic attack 
is dominant, whilst in 5^2('cyclic) the attack of the nucleo­
philic part of reagent is synchronous with its electrophilic 
attack and necessarily implies retention of configuration at 
the site of substitution (more details of Su,2 mechanisms areJl/
given in the Introduction, Section 1 on page 15.
There is no unique stereochemical course ofelectrophilic
substitution at saturated carbon/ The action of halogens on
1 *  4- 1 ~1 ‘ 1 A - 4-U 4 • .12,43*42.acyclic organometallies can lead either to inversion
or to r e t e n t i o n " ^ o f  configuration at the site of
substitution. In.metal-for-raetal exchanges with acyclic
organometallies, retention of configuration seems to be the
rulef^J^~^5?29 amongst all metal-for-metal exchanges the
only cases in which inversion of configuration has been-
observed are those that involve transannular rearrangement
of a cyclic substrate,^*93 reaction of mercury(II)
0 9
chloride with exo- and endo'-norbornerxeboronic acid-'- for
the S 2 mechanism have been suggested? of these the three
h .
transition states to be discussed here are
Sg2(open)Ret Sfi2(open)Inv Sg2(cyclic)
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instance)
y-B(0H)2 + HgCl2
Cl Hi
H
All the previous stereochemical assignments had been 
made with the use of optically active labelling of the 
substrates * Stereochemical studies using, for example, 
optically active derivatives of secondary alkyl groups are 
sometimes difficult to carry out as the very slow rates of 
reaction of the large optically active groups would demand 
great optical stability, and the subsequent isolation and 
characterisation of the products would be difficult, so that 
it is of importance to be able to deduce the stereochemical 
cours of Sti2 reactions by some indirect method.
Q Q]
In 1961, Gielen and Hasielski^3 suggested that the 
constitutional effects of alkyl groups in the halogenation 
of tetra-alkyltins in polar solvents were steric in origin * 
Later workers^ put forward the proposition that steric 
effects of the alkyl group undergoing substitution were more 
dominant than any constitutional effects due to alkyl groups 
in the leaving group** SnR^ moiety, and further experimental 
results on halogenations in polar solvents^ confirmed this
proposition^. From data on the substitution of tetra-alkyl-
3 rJ 5^ 6tins by mercury(II) salts, 95 although only one unsymmetrical
P *7
tetra-alkyltin was studied, it appeared here also that in
# lor substrates v;rittenfas RSnR-V the alkyl group R is the 
moving group and the SnR^ set is "'the leaving group.
66
polar solvents the constitutional effects of the alkyl group
were steric in origin^*5 66
12. Jensen and .Davis then reported that %~
(a) Reaction (4*1* R-Bus) took place with inversion of 
configuration at the carbon atom undergoing substitution, 
and that*-
(b) Steric effects of the alkyl groups (R= Me,. Et, Pr1,aR.d 
Peneo) parallel steric effects of alkyl groups in a typical
„ 0 ~ neo , - Br”/MeOH -D-~ , neoc< ,R-onPe^ + Br^  ---— R— — > RBr + Pe^ bnBr 4.1
3 2 reaction. In figure (4.1) is plotted log(kR/k^e) for
reaction (4 .1) against log(k^/k^e) values for 8^2 substitu—
70tions of alkyl halides* a reasonable straight line is
obtained (compare the corresponding figure in Ref. 12). It
was then suggested that the stereochemical course of an S^2
reaction could be deduced from comparisons of the effect of
alkyl groups on the rate of substitution with alkyl group
effects on the rates of substitution of the S-n2 reactions of
known stereochemistry. According to this theory,-a reaction
which proceeds with inversion of configuration will give rise
to a steric rate sequence, as found in S-^2 reactions, whilst
reactions proceeding with retention of configuration will
show very little dependence of rate on the size of the
1 o
substituted alkyl group. Jensen and Davis compared rates 
for the 3^ 2(open) brominations of unsymmetrical tetra-alkyl- 
tins (which were shown to proceed with inversion) with those 
for a typical 8^2 reaction, and obtained a linear dependence *
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68
Comparison with the S^2 reaction between hydrogen chloride 
and dialkylmercury(II) (which possibily proceeds with reten­
tion) showed no systematic dependence .
Following Jensen and Davis’s report, Abraham and
34 , vGrellier obtained rate constants for reaction (4.2),using
a number of symmetrical tetra-alkyltins . They observed that
although there were exceptionally large constitutional effects
H^Sn + Hg(OAc)2 -- M®2£U- RHgOAc + R^SnOAc 4.2
of. the alkyl groups, R, the steric effects of o(~. and
-methylated alkyl groups were not the same as in the
S 2(open)Inv reactions and did not parallel those observed
in 5^2 reactions , By comparisons of the steric sequences of
reaction (4.2) with those observed for reaction of tetra-
6 6
alkyltins and mercury(II) chloride and the only Stn2(open)
i*
reaction for which steric effects of alkyl groups have been 
72
obtained and for which stereochemical assignments have been 
26
made, Abraham and Grellier reached the conclusion that . 
reaction (4 .2) proceeded with retention of configuration at 
the carbon atom undergoing substitution, through an open 
transition state (i,e. by mechanism S^2(open)Ret) . Since 
this 8^2 transition state is geometrically dissimilar to 8^2 
and -Sr,2 (open)Inv transition states, it is reasonable to 
suppose that steric effects in the transition state will 
also be dissimilar.
74On this basis, a new correlation was proposed , linking 
3-^ 2 (open) rate sequences to the stereochemical course of
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substitution, Accordingly, if a plot of the logarithms of
S^2(open) reaction rate constant against the logarithms of
rate for S^2 reactions (such as Okarnoto’s of-values) gives a
12 '
straight line, then the proposal is (with Jensen and Davis ) 
that this implies an S^2(open)Inv process. However, if a 
branched curve is obtained, as in Graph (4*2), this implies 
that mechanism S-2 (open)Ret is operating. This new correlationTj
between reaction rate sequences and stereochemistry in 
S.-,2 (open) reactions was used to assign stereochemistries to 
several other S^2(open) reactions for which substituent 
effects were known but for which stereochemical assignments 
have not been carried out.
The conclusions of Abraham and Grellier, however, were 
based on rate data involving symmetrical tetra-alkyltins 
(R^Sn) where the leaving group (SnR^) changes along the 
series, whereas the data of Jensen and Davis (and also the
data on S^2 reactions) refers to a set of substitution
(RSnPe^60) and (RX) in which the leaving groups (BnPe^80) 
and (X) remain constant along the series. It seemed important 
therefore to obtain rate constants for reaction of mercury (IE)
acetate with a series of unsymmetrical tetra-alkyltins
constructed so that the leaving group would also remain 
constant .
Since the isopropyl group is cleaved from tin extremely
slowly by mercury(II) acetate in methanol (about 100-fold
slower than the cleavage of the neopentyl groupsr), we
i
therefore adopted a series of compounds of type RSnPr^ and 
studied their reaction with mercury(II) acetate in methanolfl
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The unsymmetrical compounds.(R-SnR^) were prepared and
purified by Professor Gielen at the University of Brussels,
and were used as received. Kinetic measurments were carried
out by the methods described previously0^ A l l  kinetic
-2 -1runs were set up in the presence of acetic acid (4x10 mol 1 )
in order to prevent slight solvolysis of the mercury(II) /
acetate (for more details of solvolysis of mercury(II) acetate
see the next Section) . Runs were set up at (30.0 1 0.01)°C,
and reactants were made up at the same temperature so that
no correction for solvent expansion was necessary. It was
not necessary to determine the value of the rate constant
for substitution of Pr^Sn by mercury(II) acetate, since the
74appropriate value had already been obtained by Grellier 
under the same kinetic conditions.
The full results of the kinetic studies on the reactions 
between unsymmetrical tetra-alkyltins (R-SnPr^) and mercury(H) 
acetate in methanol at 30°C are given on page 183? and are 
summarised here , (for definition of I) the deviance see page 184).
Rt Me ftEt Pr Bu ^ neo Pe
i
Pr
k: ■ 21•90 4.97 0.952 0.514 5 ,27xl0"3 8 .08x10 "5
Vt 0. Q 9 1.31 0.13 1.45 0 .6° 2.70
All rate constants are expres sed in units -1 “1of 1 mol m m
with appropriate deviance . The results for the reactions with 
MeSnPr^ and Pene0SnPr^- were obtained; from a set of'one-point’ 
runs, with-the deviance amongst the points of 0 .92% and 0.69$ 
respectively. Considering the difficulties in using the ampoule
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ne o i
method for substrate Pe - SnPr^, and short reaction times
i
involved for MeSnPr-, quite reasonable lines ?/ere obtained 
for the kinetic plots0
As it was anticipated,- only the alkyl group R was 
cleaved by mercury(II) acetate and so the observed second- 
order rate constants for the substitution refer only to the 
cleavage reaction (413), In fable (4*1) are given rate
n MeO H  i
R-SnPr- + Hg(OAc)2 RHgOAc + Pr^SnOAc 4,3
constants for reaction (4 *3) as well as those for the related
reaction (4.2), The two sets of rate constants are closely
related, as can be seen from the relative rate constants for
reaction (4*2), (4*3), and the R^Sn/HgClg reaction in
Table (4*1). Thus steric effects of the alkyl groups in the
R M e
three reactions are also very similar* values of log(k /k*1 )
M Q
are linearly related, and when plotted against log(k /k )
values for S^2 reactions, all three sets of data yield almost
identical curves (see Pig, 4.2) , The conclusions of Abraham 
34
and Grellier are thus not affected by the present results, 
and it is clear that steric effects of the alkyl group R in
reactions (4,1) and (4 .3) are not similar, especially when
i 3 ne o
brenched-chain alkyl groups (R» Pr , Bu and Pe ) are
considered. In reaction (4.1) the isopropyl group is cleaved
about 12 times as rapidly as the neopentyl group, but in
reaction (4 .3) the neopentyl group is removed 260 times as
rapidly as is the isppropyl group.
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Table 4.1.Hate constants (1 mol min ) for the substitution 
of tetra-alkyltins by mercury(E) acetate in MeOH at 30 °G
k2 in k2 rel. in
R
^ i 
R-SnPr
5
D
fi-SnR7
3 R-SnPr^ R-SnR„5
c
R—bnR^
Me 2190 3500 100 100 100
Et 4,97 15.3 0.23 0.44 0.29
-n nPr 0.952 3 .13 0 .044 0.089 0.058
Bu1 0.514 0.655 0.024 0.019 8 .IxlO-3
neo
Pe 5 .27xl0~3 2 ,85xlO~3
~4
2 .4x10 -58 ,1x10
-5
6 .6x10
PE1 2 .02x10 2 .02xl0~5 9 .2xl0~7 5 .8xl0~7 4 .0x10
a,This work. b,Statistically corrected rate constants from 
Ref.34. c, Rate constants for substitution by mercury(Il) 
chloride at 40°C^the value for R=Peae0 is more recently 
determined one Refs .66 and 34.
34*66
The present work together with previous results 
show that in methanol, (a) the electrophiles Hg(0Ac)£ and 
HgOlg react with tetra-alkyltins giving rise to rate sequence; 
that are almost identical, and (b) with the electrophile
i
HgCGAc)^ the effect of the leaving group (SnR^) on the rate 
constant is very small. In Table (4,2) are values of 
k (R-SnR^)/k(R-SnRr^; these values cover a range of only 
0.54 to 3.29 even though the effect of the moving alkylgroup
Q
on the rate constant leads to factors of up to 1 .1x10 ,
A comparison of leaving group effects for reaction with
50,94
different electrophiles in methanol is interesting?
Blectrophile Hg(0Ac)2 Iv^Sn2*Y
1
k(Me-SnMev) /k(Me-.SnPr^); 1.60 1.56 10 .0
lo
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Figure 4.2. Plot of log(k*Vk^e) for reaction (4.3)
•»
against log(k^/k^C) for S^ .2 reactions.
7.4
It is surprising that the constitutional effects of the 
leaving alkyl groups in reaction (4.2) and (4*3) are so 
small, if these reactions do indeed proceed vvith retention 
of configuration at the carbon atom undergoing substitution 
With such a stereochemistry, there must be considerable 
steric congestion at the front of the carbon atom under 
attack.
Table-4.2. Leaving-group effects in the substitution of 
tetra-alkyltins by mercury(31) acetate in methanol at 30 °C
Substrates k(R-SnR^)/k(R-SnPr^)
Me-SnMe-j Me-SnPr^j 1.60
Et-Snlit-v Et-SnPr^ 3.08
Prn-SnPrj Prn-ShPr| 3.29
Bu1—SnBUj Bu1-SnPrj 1.27
neo0 „ neo neo0 i „ ._ ,
Pe - SnJPe., Pe ~SnPra 0.54
5 5
Finally, it can be pointed out that the rate differences 
in reaction (4*3) arise merely through replacement of a single 
alkyl group in the substrate by another, and as such represent 
one of the largest steric effects ever reported . The ratio
*1 TIP O j
k(Me-SnPr^)/k(Pe ~SnPr:^ ) is 4x10 and the ratio of the 
k(Me-SnPrjVkfPriSnPjg) not less than l.lxl08 .
Summarising the remarks made in this section, for an 
St-.2(ooen) reaction there are two variations, S-n2(ooen)Inv 
and S,-,2(open)Ret. Both mechanisms can result in large steric
H.I
effects, although the effects are not the same* This 
difference in steric effects in S^2(open)Inv and 8^2(open)Ret
reactions which has been used as the basis of new correla­
tion between reaction rate sequence and stereochemistry of 
Sg2(open) substitution by Abraham and Grellier, r does not 
depend on the use of symmetrical-tetra-alkyltins ■ (R^Sn) 
where the leaving group (SnR^) changes along the series, bob 
is valid also for unsymmetrical tetra-alkyltins (R-SnPr^} 
where the leaving group remains constant for all the 
substitutions.
The theory of Abraham and Hill‘d  that the main effects 
arise from interactions between the moving group and the 
entering group, and between the moving group and the leaving 
group is seen to be correct from data in Table (4#2); the
\  ^  MXn leaving group
\.<* - ^
moving group
■"'S'E-N entering group
sisse of moving group is the most important factor in deter­
mining the sequence of rate constants along a given series*
SECTION 5
Polar Effects of the Reactant 
in Sn2 Reactions
77
It has been suggested that^ there is a consistant 
correlation between the type of rate sequence in Sg2rection 
and the exact mechanism of reaction* For the cases in which 
substrate and electrophile may be denoted as RMXn and E-N 
respectively, the whole spectrum of reaction mechanisms was 
postulated as below*-
 --- Nucleophilic attack increases —  ---$».
MX* rOn MXn ■ M X n
S\. S \
R R ) - N R ) . M R ,N
* ■ * / ' * / ■  /
E~N: E E E
S^2(open) S^2(cyclic) .'Sg2(co-ord)
-*s-----  Electrophilic attack increases --- — —
As the series progresses from left to right, there is 
a gradual change from dominant electrophilic attack to 
dominant nucleophilic attack, the intermediate, cyclic,cases 
arising from simultaneous electrophilic and nucleophilic 
attack* Abraham and Hill‘d  proposed that each different 
mechanism would result in a different rate sequence so that 
a steric sequence of reactivity (with respect to the alkyl 
group R) was characteristic of the S^2(open) mechanism, a 
polar sequence of reactivity was characteristic of the 
S^2(co~ord) mechanism, and hybrids of steric and polar 
sequences were characteristic of the Sv2(cyclic) mechanism *iJi ' /
/ 1 U J 1 6 9 5 5 7 , 6 7 , 7 3  . J . S . 4. ■ . s.Abraham et ©1 3 3 5 carried out kinetic studies on
the reaction between tetra-alkyltins and mercury(IL) salts, 
reaction (5 .lj- X « Cl and I), in various solvents, and have 
obtained a pronounced steric sequence with respect to the
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alkyl group R. There was strong evidence to suggest that the
R^Sn -\- HgXg ---— ► R5SnX + RHgX 5 .1
transition states for reaction (5*1;.X- Cl and I) in various 
alcoholic solvents are open.
For reaction (5 .1; X - OAc) the volume of data available 
was smaller and much less conclusive . Substitution of di~s- 
butylmercury by mercury(n) acetate in ethanol proceeds with 
retention of configuration at the site of substitution, and 
this seems to be the general stereochmical rule for metal- 
for-metal exchanges (see Ref.34 and this work Section 4).
It is not easy, however, to distinguish between the two main 
consequent mechanisms, S^2(open)Ret and S-^2(cyclic), although 
for mercury(II) acetate reactions' attempts have been made 
through kinetic salt effects^’^  For reaction of a mercury(H) 
salt^ HgXo, with a neutral substrate, mechanism 5^2(open)j£t
should give rise to positive kinetic salt effects and 
mechanism S-.2( cyclic) to small or zero salt effects .However,Jj
addition of a salt M+Y (where Y can also be the common 
ion X~) can result in a number of severe complicationss- 
(a) If the mercury(II) species dissociates in solution to HgX 
and X , addition of M ‘Y- should increase the proportion of 
HgX1" through an ionic strength effect. Were the electrolyte 
added to,contain the common ion X~”, then the proportion of
4-
HgX would be reduced.
(b)Anion exchange between HgX2 and Y*” could result information 
of the species HgXY• this effect would be inconsequential for 
addition of MVX *
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(c) Complexes of type HgX2Y and HgX^ may be formed.Since
+ ~ -
the various species HgX , HgX2, HgXY, HgXgY , and HgX^ will
in general react with the substrate at different rates, any
alteration in their proportion present caused by addition
of the electrolyte will affect the observed rate constant,
11Ingold and his coworkers have suggested that the 
electrophilic reactivity sequence (5 .2) is characteristic
Hg(N05)2 y  Hg(QAc)2 y  HgKalg HgHal“ 5.2
of reaction proceeding through open transition states, and
this sequence has subsequently been used to assign mechanism
26 °5 96
S,,2(open) to several reactions of mercury(II) acetate *
07 ££ fcq c;p
Jensen and Rickborn, and others f have questioned the
usefulness of sequences such as (5 .2) in the assignment of
open or cyclic mechanisms, but very few studies have been
t
carried out either to verify Ingold is suggestion by indepen­
dent methods or to determine the exact mechanism of S,^2
£
reactions with mercury(II) acetate as the electrophile .
It .was decided therefore, to develope further mechanistic 
studies of the reactions between tetraethyltin and various 
mercury(II) carboxylates in solvent methanol in the hope of 
deducing the detailed mechanism of this reactione
It is likely that mercury(II) carboxylate could induce 
either an open or. cyclic mechanism, due to its six-centred 
transition state as shown overleaf.
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SnEt
0C0R
OCOR OCOR
(I) (H)
No?/, if the open transition state (I) is in force, according 
to the classical inductive effect, electron-attracting 
substituents in R should aid the reaction (5*3)* sice they 
would facilitate the formation of mercury-alkyl bond. But 
if the cyclic transition state (31)is obtained, the substi­
tuents would have little effect on the rate of reaction(5.2), 
because the electron-v/ithrawing effect of R group encouraging 
the formation of mercury-alkyl bond will at the same time 
hinder the nucleophilic attack at the tin atom,
A number of mercury(II) carboxylates were therefore
t
prepared and the rate constants for reaction (5 ®3^  R - Bu , 
Et, Me, Ph, ClCf^CI^* MeQCH^, and^ CICH^) 9 in methanol at 30°G
Et^Sn + Hg(0C0R)2 — EtSnGCOR + EtHgOCOR 5.3
g g g Q
obtained using the kinetic procedure described before, ?
The reactions are kinetically second order (first order in 
each reactant), and involve the attack of the electrophilic 
mercury(II) carboxylates, on one of the carbon-tin CT bonds « 
As mentioned in Section (4) it was necessary to ascertain 
the amount of carboxylic acid required in the reaction 
mixture to prevent solvolysis of mercury(II) carboxylate *
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Kinetic runs were thus performed with acid concentrations 
ranging from zero to about one hundered times the mercury(31) 
carboxylate concentration * The' effect of such additions on 
the rate of reactions are represented graphically, (Fig,5-1 
overleaf)^ in each case the value of the rate constant rises 
somewhat with acid concentration up to a-maximum plateau.'
When the acid concentration is increased greatly over the 
mercury(II) salt concentration, the rate begins to fall again. 
The plateau represents the region in which sufficient acid 
is present to prevent solvolysis of mercury(II) carboxylate. 
Where the rate begins to decline, it is clear that the 
concentration of carboxylic acid present is great enough to 
alter the nature of the reaction medium, and also to introduce 
a common ion effect due to acetate ion. It will be noted that 
the stronger the respective carboxylic acid, the greater is 
the concentration required to prevent solvolysis of the 
mercury(II) salt. Indeed one observes from the graphs that 
with the mercury(II) pivalate (tertiary butyrate), the acid 
of which is the weakest, very little increase in rate occurs 
on increasing the acid concentration. This represents the 
fact that the salt is relatively stable in methanolic solution.
The salts of the sronger acids on the other hand are greatly 
affected by the amount of acid present, and the actual acid 
concentration required to ensure stability of the mercury(H) 
carboxylate is probably enough to change the reaction medium 
somewhat. For those stroger acids, the”plateau region” 
becomes indistinct, ' . ■ .
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C1CH
MeOCH
C1CH_CH
Pti
Me
Et
Bu
50 10 00
[RC02H]/ [(RC02)2Hg]
Figure 5*1. Variation in rate constant for reaction (5-3) 
with the ratio [RC0oII] / [iig (OCOR) g] ; curves labelled 
in terras of the alkyl group,R»
33
In Table (5 *1) are given the maximum "plateau1* values
the second--order rate constants.. These values increase
Table 5 *1 - Second order rate constants
, -i -1.
(1 mol min )
for reaction (5 *3) in methanol solvent at 30 °C
R, k9 k0rel.
10 [ECOpH]
c. mol 1
Bud 26 .7 0 .37 1.57
Et 52,2 0.73 1.60
Me
£■
71.5 1 1.79
Ph : 85.5 1.20 1.64
CIGHgCHg 89.3 1.25 2.12
MeOCHg 233.0 3.26 2.55
cich2 329.0 4.60 2.60
steadily with increase in the Ka values for the corresponding 
carboxylic acids . (although values of logkp are not linearly 
related to the pKa values). Hence by the argument outlined 
above, it follows that the transition state (I) is in force 
for the various substitutions, equation (5 *4) . It is true 
that the use of sequence (5 *2) has been criticised on the 
ground that the reaction mechanism could change if the 
electrophile was altered, but it seems reasonable to feel 
that the various electrophiles Hg(0CQR)2 'are similar enough 
to assume constant mechanism along the series*
In Table (5*2), the .present rate data are compared with 
those for various r a t e . and equilibrium*^**'""^^processes 
involving carboxylates and carboxylic acids . Whenever the 
carboxylates or carboxylic acids act as nucleophiles (Refs.
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100-104) and the sequence of rate constants or equilibrium 
constants is always the reverse of that shown in reaction 
(5*3). The prime example of such a nucleophilic process is
acts as a nucleophile and first co-ordinates to the boron 
atom equation(5*4) •
Conversly, in the aromatic substitution ( Ref. 98) an open 
transition state with predominant electrophilic attack of 
the acid is probable, since the large Hg-C—H angle in the 
transition state makes formation of a cyclic six-centred 
transition state sterically.rather difficult, Finally, the 
close correlation between relative rate constants for
reaction (5 *3) and for the related reaction of tetra-n-
99butyltin suggests that effect of the various groups R are 
polar in nature . Were steric effects important,it is unlikely 
that the same sequence of relative rates would be obtained 
in the two cases .
During the above work, it was observed that rate 
constants for reaction (5.3? R = ,lvle) varied with initial 
concentration of mercury(II) acetate even though excellent 
second-order kinetics were observed in each kinetic run*
the acidolysis of triethylboron^^ where the carboxylic acid
Et
\
EtgB + RCO H
H  _  o
C— R 5.4
Y
Et2B-0-C0R + EtH
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details of the variation are in Table 5i, page 198. This
effect was thought to arise from dimerization of mercury(H)
salt, which is also the case for carboxylic acids inorganic
solvents^9^ The molecular weight determination using an iso-
107
piestic method designed by Clark (see Section 14,page 238 ),
revealed that mercury(II) acetate, like mercury(II) chloride,
is monomeric in methanol. Then it was suspected that the rate
variation could be due to the presence of a amall amount of
a highly reactive electrophile HgOCOMe . If this were so, !
then the observed rate constant should be reduced in value
on addition of an electrolyte containing the common ionMeCOg;
details of such experiments are in Table 5i> page 192? and
bear out .this expectation. The above rate retardation is
unlikely to be due to a normal negative kinetic salt effect,
since added sodium acetate has no effect on the rate constant
for the related reaction between tetraethyltin and mercury(H)
chloride (Table 5m,page 194)* This result does not conflict
68with Abraham and Behbahany’s observation of positive kinetic 
salt effects in the Et^bn/HgX^-reaction in methanol because
the concentration of added electrolyte in the present work
-3 -1 68
(1 .0-4*0)xl0 mol 1 were very much less than those used
previously (0.01-0.3 mol 1 ^). Similar experiments involving
change in initial concentration of Kg^CQCH^OMe) and 
+
Hg(0C0Bu )9 were also carried out. Results are in Tables 5k,51 
on page 193 and parallel closely those for the mercury(II) 
acetate reactions.
The retardation^caused by added sodium acetate (see 
Table 5i, page 192 ) contrasts with the effect of added acetic
87
acid (Fig 3  .1).where an initial rate acceleration is followed
i ^
by a plateau and finally by a rate retardation. The steady 
retardation caused by added sodium acetate (in the presence 
of acetic acid) most probably arises, through a reduction in 
the concentration of the highly active species HgOCOMe* by 
a normal common-ion effect« In the complete absence ofacetic 
acid, mercury(II) acetate undergoes partial solvolysis to 
yield inactive (and possibly associated and/or colloidal) 
species. Addition of small quantities of acetic acid converts, 
these products back to mercury(II) acetate and hence the 
observed values of k2 increaseto their plateau values when 
solvolysis has completely been suppresed. The subsequent 
retardation on further addition of acetic acid could be due 
to a combination of a small solvent effect and a partial 
suppression of the species HgOCOMe by the acetate ion that 
arises from the very slight dissociation of acetic acid in 
methanol (pKa = 9*5).
In order to investigate these effects theoretically the
pa. . ~
stepwise stability constants for the Hg /X systems are 
required. Mercury(II) acetate in methanol will exist as un­
ionised molecules in equilibrium with other acetomercury(II) 
ions as follows^
■LT  ^* -i- OAc ——-i 1 HgO Ac+ 
Hg(OAc)2
XAo •
HgOAc+ + OAc”* ~rr~
Hg(0Ac)g 4 OAc
t
K3 ■ Kg(OAc)
Iig(GAc) v •1- OAC — :
K/.
Kg (OAc)/ s-
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the other mercury(II) carboxylates are also expected to behave 
similarly. Unfortunately, it is very rare to find cases in 
the literature where this system has been studied properly,
OJL.
Two studies have been reported on the Hg /OAc system in
water, but the results are mutually quite inconsistent*these
-1values of K (1 mol ) are given below*
Solvent Ki K2 K3 K4
Ref,
Water 3 .6xl05 5 .5xl05 9 .6xl03 6 .lxlO3 108
Water 6.0x10 6.7 2.5 - 109
MeOH 1 .OxlO7 4.OxlO2 25 109
Neither set of results is in accord with recent1^  Raman and 
I*R. measurements which suggest that in water mercury(II) 
acetate exists largely as a covalent entity and is not
109
significantly complexed by OAc , Kreshkov andBalyatinskaya
have also obtained values for the Hg /OAc system in . . .
*1
methanol, at 20°G and (2 mol 1~ ) ionic strength (see above)
However, their value of Kg seems extraordinary small
(as does also their value of Kg for the same system in water)
and the more recent reported stability constants for this 
184-systeirr ^  in water and ethanol show that neither of these 
values agree with previous data both in water and methanol. 
In an attempt to resolve this problem the conductivities of 
several mercury(Il) salts in methanol were measured at 30 °C, 
As usual, the solvent contained a small quantity of the 
corresponding carboxylic acid to suppress solvolysis „ Details
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of these experiments are in Section 12 on page 227 and are
represented here graphically (Fig * 5 «2 overleaf), together
with molar conductivities of typical 1:1 electrolytes. All
four mercury(II) salts behave as extremely weak electrolytes
so that Kp must be very large. Since Kj_ must certainly be
much larger even than Kg? the salts may be treated as weak
111
1*1 electrolytes and, using the method of Shedlovsky~ , the 
approximate values for the stability constants, Kps were 
calculated as follows?- *
If the formation of mercury(II) salt is considered as equi­
librium process
+ - KP
HgX + X • ==  HgX2
then we may write
[HgX2 ]
[h s x+ ] [ r j
According to the Onsager limiting law for conductance
where/\ is. the specific conductance at infinite dilution,/ —O
S is a constant characteristic of the solvent, and C is 
K.
the concentration of ions. If the fraction of the electrolyte 
present as ions is ct, then
/ \ . C { /\-o~ S )
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H
I
H
O
s
H
I
70
ao
\6i
1.5J
0.
NaOAc
0.03 * 4 0*05
t/cT~/ 1 2 mo 12
Figure Molar conductances of IlgCl^, Nal, NaOAc,
H g (OCOR)0in' methanol at 30 ‘G : curve A --- for R ~ Bu; 
curve B — — or R~Me ; and curve C« e *fo.r R^MeOCJI^,
■<+ 
0
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where C is now the total concentration of salt. The degree 
dissociation is given by
oC =  A -
A .  ( i - ✓See')
If Z is defined as
r~——.— S.
Z  =  / c 7 v x
A *
and Sz as
then
AOC = sz
A „
The value of for a 1? 1 electrolyte is given by
8.18 x 10 A 82g _ _  _  ~ y\ 4- - — —  —-£•
^  ( 8 T ) ^  \  ( & T ) *
and the activity coefficient for dilute solutions is given 
by the Debye-Huckel. equation,
2
logy,. - - 2  8  /oCC
where is the viscosity and the constant ft is given by
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P
1.814 x 106
( £ I )2
The thermodynamic association constant K*(where for our■rt
system K,*= K ) is given by,
-H 2
K'
1 - cC
C 0C2 y l
and combined with
ct = A.
A.,
there results
v a s z k v a . :  c f s n ± s z v x
The value of /N^was obtained by comparison with /\^0 
values for typical lsl. electrolytes in solvent.methanol,
and values of l//\^Sz for each salt were plotted against
?2 2*!- - 
corresponding values of C/\j+ Sz, and K ) for the Hg /X
system (X = Cl, Bu^COg? MeCOg, and MeOCHpCOp)determined from
the slope* results are given in Table (5*3) and compare very
well with each other.
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5.3. Values of the stepwise stability const;
mercury(ll)-anion complexes in methanol at
Anion
KP 
1 mol-^
K 3
1 mol~^
c r
BiAcOg
MeCGg
3.3 x 108 
3.5 x 107 
2.1 x 10
Small8, 
1.2 x 102 
1.0 x 10
MeOGHgGOg 1.8 x 107 0.8 x 102
a, Deduced from kinetic results in Ref.66. b, Assumed values.
The value of Kg for the Hg^^/Cl system in methanol (3.3x10^)
113
is a realistic one, being 100 tims the value of Kg in. water
r
(3 .0x10 ), so that the employed procedure seems to yield 
reasonable values. However, the value of Kg(2.1x10^) for the
O  1 MS Q
Hg /OAc system in methanol at 30 C and effectively zero
ionic strength is totally different from Jhat at 20 °C and
109 2
2 molar ionic strength obtained before (4x10 ).The value
of Kreshkov et al*^^ seems rather dubious, at least under
the employed conditions in the present work. As shown from
Table (3*4) the calculated degree of dissociation and equi—
2 ~1valent conductance for their value of (Kg ~ 4x10 1 mol ):,
are very close to the corresponding values of sodium acetate . 
Thus the calculated equivalent conductance is quite different 
to the equivalent conductance found experimentally in this, 
work, and the calculated degree of dissociation is almost as 
high as that for the reasonably strong electrolyte NaOAc5 on
0 1
both of these facts, the value of (Kg = 4x10 1 mol )is.far
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too low a value * The main source of error possibly being 
hydrolysis of mercury(II) acetate due to the presence of 
small amount of water in solvent,
Table 5*4„Values of equivalent conductance and degree 
of dissociation at concentration 2.,5x10 mol 1
Salt
A.°bs
-1 2 . -i
S2l cm equiv
, cal 
oC k a (k 2)
NailOc 53*0 0 ,679a —
HgClp 0*17 0 .0011 3,3 x 108
Hg(0Ac)2 0*31 0.0044 2 .1 x 107
Hg(0Ac)p 4-3 .0b 0.615 4.0 x 102
a. Estimated value . b, Calculated from Kp " 4*0 x 10^ *
An attempt was also made to determine the value of Kj 
2+ /for the Hg /OAc system in methanol through solubility
measurements of mercury(II) acetate in the presence of sodium
acetate* There was almost quantitative uptake of mercury(II)
acetate with . OAc" . (Table 2d .on page 237 )j under these •
conditions a value for cannot he calculated although it
2
is clear that must be equal to or greater than (1*0x10 ) 
compare Hef* 116 * Values of for the pivalate and methoxy- 
acetate were estimated, and in all cases was taken as zero.
Using the values of Kp and in Table (5 .4), the-observed 
second-"Order rate constants kp, were dissected into contri­
butions from HgOCOR'(k^), Hg(0C0U)p (k^), and Hg(GCOR)^ (kc) 
from the data on the variation of kp with initial concentration
95
of raercury(II) carboxylate. First the initial concentrations
of the various mercury(II) species were calculated, taking
into account the dissociation of the carboxylic acid present,
114
The value of pKa for acetic acid in methanol was (9.6) and
corresponding values for pivalic and methoxyacetic acid in
methanol were found to be 9.39 and 8.43 respectively, by
plotting pKa of various carboxylic acids in water against
114the same data m  methanol.
A calculation scheme that takes into account all the 
important species may be given by
H + + RCOp ^ RCOg H
+ - Ko .
HgOCOR + RC02 Hg(QCQR)2
K*
Hg(0C0R)2 4- RC02 *5= = * ^  Hg(OCOR)5
where = l/&a» and hence .
cal
1, [tig(OCOR) 2J = Ko [HgOCOR ] [RCOg]
2 ,  [H g (O C O R )" ]  ■= K 7 [H s (O C O R )2 ]  [R C O p ]
A 0
p s t o r c h  t~ ““"’if"
3 , [ r c o 2 h ]  -  k 5 [ r c o 2 ]  [ h  ]
. -n st o r c h  i- t~ xal *1
4, [Hg(OCOR)2] = [HgOCOR^] + [Fig (OCOR) 1 + [Hg(OCOR) ]
5, [H+]+ [HgOCOR+ ] = [aco" ] + [l-Ig(OCOR)" ]
r - S t o i c h  .' , .
w h e r e  [a .] rs the s t o i c h i o m e t r i c  i n i t i a l  c o n c e n t r a t i o n
Cel 1.
of species X, and- [Y] c is the actual calculated concentra­
tion of species Y.
The calculations have been simplified by making two 
approximations as follows:-
(X) First approximation takes into account only the equations
+ Kr~
H + RCOg ^===§==a= RCQpH
-t _ K2
HgOCOR + RC02 Hg(OCOR)2
from the whole system, thus it may be written
0 3 1  4-
1, [Hg(0C0R)2] ' ' = Kp [HgOCOR ] [RCO2]
2 ,  [R CO pK] S t 0 lC h  «  K5 [R C O ~ ]  [H + ]
3, [Hg(OCOR) p^| s^oloh_ [Hg(OCOR)plal+ [HgOCOR+]
4, [HgOCOR*] + [H+] = [ECO” ]
Solving the above equations simultaneously yields
^2
KoP3 - ( — + K„II - 1 ) P 2 - 2 H P + H2 = 0
k5 '
^**"03 clx
where (P =.[HgOCOR*]), (H = [Hg(OCOR) ])"“ ' ,and (N= [RCOgH] ).
(31) Second approximation takes into account onlythe equations
K2
HgOCOR* + RC02~ Hg(OCOR)2
- K.. _
Hg(OCOK)p + RCOp ass-AssS5r Hg(OCOR)”
from the whole calculation scheme, thus it may be written
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1, [Hg(0C0R)2]°dl = Kg [HgOGOa+] [RCO“ ]
2, [Hg(OCGR)”] = K-j [HgCOCOPOg]0 [RCOgJ
3, [Hg(OCO|{)2]St01Ch=[Hg(OCOR)“] + [Hg(OCOR)2]C 4[HgOCOR+J- 
Solving the above equations again simultaneously yields
. Q2 - ( 2 H + — ---2 P ) Q + ( H ~ P ) 2 !=Q
. R
■ . ■ —. cal
where (Q - [Hg (0C0R)3] ), and (R = K3/K }.
Values of P and Q were calculated from first and second
approximation respectively using computer programC05Q'( see
page 269) ^or solving cubic equation, and were introduced
into the overall calculation scheme to yield the concentration 
+ , s cal
of HgGCOR , Hg(0C0R)2 , and Hg(OCOR)^ species for each run.
These are given in Tables 5*5 * 5.6, and 5.7 for mercury(II) 
pivalate, mercury(II) acetate, and mercury(II) methoxyacetate 
respectively.
obs
The relation between k , k^, and kg ' can be shown as*
« cal 1
- ka[HgOCGR+ ] + kb[Hg|0C0R)2J * kc [Hg(OCOR) I jsi^
obsr n stoich r ' i
= k2 [Hg(0C0R)?j [Et/Sn]
There are different species present in the reaction 
mixture, and it is not only the neutral species Hg^COR)^' 
which reacts with tetraethyltin, but also other mercury(IL) 
species presumably react in the same way. Knowing the 
concentration of different mercury(II) species for each run,
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a number of equations were set up and the various contribu­
tions evaluated by solution of sets of equations simul­
taneously. The results obtained are in Tables 5.5, 5.6, and 
5.7 for mercury(II) pivalate, mercury(II) acetate, and 
mercury(II) methoxyacetate respectively.
It should be pointed out that, the equilibria,'.
K + -16
MeOH MeO + H K = 10
2“ — 4-
Hg h + RCOg HgOCOR . very large
K a 2 -
Hg(OCOR)^ + RC02 s^ ===s==E===a& KgtOCOR)^- very small
were neglected in all above calculations due to insignificant
effects on the results of calculations.
As shown in the Tables, results for the mercury(II)
pivalate are more consistent than mercury(II) acetate and
for the mercury(II) methoxyacetate is less consistant than
the others. However, in all three cases with (R = B u \  Me,
and MeOCH2) it was found that kc- 0 so that the Hg(OCOR)^
ions are ineffective as electrophile towards tetraethyltin
115
?(as is also the ion Hglj in methanol ) . Values of ka, 
and kc are summarised in Table 5.8- and it is concluded that 
under the kinetic conditions about 60% reaction proceeds 
through the neutral species Hg(0C0R)2$ since, however, the 
percentage of the very highly reactive species IigOCOR~r 
decreases with increase in the mercury(II) carboxylate 
concentration, use of much higher initial concentrations of 
mercury(II) carboxylate would result in considerable higher
102
percentage reaction through the neutral species and hence 
larger decreases in the observed rate of reaction.
Table 5*8. Approximate values of ka, k^ , and kc(l mol"”'5' min'”*^} 
for attackof mercury(3I) species on Et^Sn in MeOHat 30 °C
Ri Bu* Me MeOCHp
ka, RC02Hg+ 1,4x10^ 3 .3xl03 1 .5xl04
kb, (RC02)2Hg 17 40 140
kc,(RC02)3Hg~ 0 0 0
Relative ka 0 .42 1 4.5
Relative 0.42 1 3.5
Relative kg 0.37 1 3.3
* Erom the observed values of kg (Table 5 .1) »
Similar calculations were also carried out using the
variation of observed rate constants kg with added sodium
acetate (see Section 11, page 192)* results are not very
consistant possibly due to the presence of Insufficient
amount of acetic acid in reaction mixture and hence the
variable observed rate constants, compare the value of 56*1
for kgin the absence of sodium acetate with those in Table
5,6. But it was found for mercury(II) acetate reaction that
-1 -1kg, is very large, k^ — 46 1 mol ' min ' and again lccs= 0; these 
results are given in Table 5 and are in agreement with 
those given in Table 5 .6 .
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It is therefore suggested that the order of electrophilic 
strength towards tetraethyltin in methanol is
(I) Hg(OCOR)- <^Hg(0C0R)2 HgQC0R+
in the ratio of 0 • 1 * 10
f
for each of the cases with R - Bti , Me, and MeOCHg *
(H) HgOCOBut+ -C HgOCOMe"1 <( HgOCQCH2OMe+
inthe ratio 0,42 * 1 • 4,5
(E) HgCOCOBupg <^Hg(0C0Ke)2 <lg(0C0CH20Me)2
in the ratio 0 <>42 * • 1 * 3*5
It is very interesting that the sequence in values of ka and 
are quantitatively the same as the sequence in the observed 
k2 values in Table (5 *1) , Thus the sequence of relative k2 
values obtained for reaction (5*4) may indeed be taken as»~
R « Bu' <  Bt Me <^C1CH2CH2 <( Ph <^MeOCH2 CICH2
for the neutral species Hg(0C0R)2o All these results are in 
accord with the hypothesis that both HgQCQR* and Hg(0C0R)2 
react with tetraethyltin in methanol by mechanism 5g2(open) , 
There are only few comparisons that may be made with 
other work, Webster and his coworkers^’^  .have shown that for 
the aromatic deinstallation of MeC^tL, SiMe^ by mercury(II)u J
acetate-in acetic acid kg/k^^ 15, so that again HgOCOMe his 
appreciably more electrophilic than Hg(0C0R)2* On the other
hand, for the substitution of tetraethyllead by Cu^OCGMe in.
I 11 7acetic acid, the active species is Cu 'OCCMe itself fand not
105
the cationic species Gu. In solvents more polar than inethanol
it is to be expected that the percentage reaction through
+ "" 118 the species HgOCOMe will increase• Schrauzer et al have
suggested (without giving experimental details) that for the
substitution of alkylcobaloximes in water, the attacking
electrophile is HgOCOMe*1 *
In summary, for the substitution of tetraethyltin by
mercury(II) species in methanol the order of electrophilic
reactivity is as follows (this work and Ref966 and 68)*-
Hgl~, Hg(0Ac)~ <^HgI2 <HgCl2 <(Hg(0Ac)2 HgOAC+
Since it has been established that the reactions of all the 
above species (with the exception of Hg ) take place by
mechanism S™2(open), it follows that the suggestion of IngoldJh
11et al is verified for this particular set of substitutions. 
Furthermore, as it has been shown, though? the observed rate 
constant for substitution by a particular mercury(II) salt 
may not correspond to the actual‘rate constant for substitu­
tion by the neutral species (e*gc H g ^  ox Hg(0Ac)2) and this 
complication will have to be taken into account in further 
work on Hg^Ac)^ reactions 0
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SECTION 6
Solvent Effects on the Rates and 
Mechanisms of Sg2 Reactions
107
The effect of solvent upon the reactivity of orga.no-
metallic compounds is one of the most important unsolved
problems in organometallic chemistry. Although the effect
is long estabished, it is still along way from being .
rationalised , This may be attributed to the difficulty of
the problem on the one hand, while on the other hand
thorough quantitative studies in the field are not numerous.
119
In 1961, it was shown that both the kinetic order 
and the mechanism of the reaction varied when isotopic 
exchange of GgH^CH(HgBrJCOOCpH^ with Hg^B^ was carried 
out in 70$ aqueous dioxane rather than in pyridine. The 
reaction was second-order overall, first order with each 
reactants in pyridine, whereas in 10% aqueous dioxane the 
order was unity with respect to the organomercury(II) 
compound and zero with respect to Hg^Brg* Reutov et al^^ 
demonstrated that the reaction is strongly decelerated when 
pyridine is replaced by 10% aqueous dioxane and that the 
Sr,'2 mechanism is changed to S™1,
Hf Ij
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following the work of Dessy et al 9 9 on the
mechanisms of electrophilic substitution in which internal
nuoleophilic assistance by the electrophilic reagent was
4*9iiaprtant, Gielen and Nasielski made a notable contribution 
in their correlation of the observed sequences of reactivity 
in 11 series of substrates of type R.Sn (where R is varied
T
n
through-Me, 131, and Pr‘~ in each series, Table 6.1) with 
the polarity of the solvent. when the solvent is strongest
* Denotes a cetre labelled with radioactivity.
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Table 6,1. Rate constants (1 mol”*1 sec""1) for reactions at 
saturated carbon of symmetric R^Sn derivatives at 20 °Ca
Substrate
k2bS(HgCl2 in MeOH);25 °C
kpbS ( I? - DMSOb) 
obs
k^ > ( f 2- Me OH )
k2°S ( *2 “ ^o0H )
, ObS / -r-v „ ,r \
k2 ( Br2 - Di&F )
k2bs ( Br2 - AcOH ) 
kgbS ( Cr203 - AcOH )
104k2obs(I2 - C5H5C1) 
k2bS ( Br2 - CgHgCl )
104k2bS ( Br2 - CC14 )
104kgbS ( HC1 - C6H5 )
a, Values from Ref. 122. b 9 uimernyi sunoxiae . cs uimexnyj. 
formarnide .
nucleophile present in solution (MeOH with Ig, for instance), 
the reaction may be described as going through an open 
transition state and the reactivity sequence is governed by 
steric factors as for 3^2 reactions at saturated carbon;, 
when the nucleophilic pole of the -attackingreagent is the 
strongest nucleophile present in solution (Cr^O^ in acetic 
acid, for instance.), the transition state may be described 
as a cyclic one , Bata in Table (6 .1) shows that the reactivity 
sequence is reversed as nucleophilicity of the solvent
decreases from methanol to carbon tetrachloride and as the
Me^Sn Et,Sn Pr^Sn
4 4 4 .
3.8 0,012 0.002
0 ,48 0 ,021
6.8 0.8 0.1
0.22 0.082 0.009
0.014 0 .006 0 .001
10.0 8.0 1.2
0.04 5 .4 3 *6
1.67 10.0 1.3
0.12 1.4 0.54
1,8 170 80
1.0 7 .5 3.0
• 111 -» *-1 _ * .L I "1
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nucleophilicity of the attacking reagent increases from 12
123
to CrgO^, and as suggested by Gielen and NasielsldL.
A critical test for this assumption involved the addition
of increasing amounts of a nucleophilic solvent to a nonpolar
one „ It was observed that the addition of acetic acid to
chlorobenzene catalyses the reaction of bromine with tetra-
.methyltin, and the catalysed reaction turns out to be first
124order in monomeric acid *
Abraham and Hill^ interpreted the reactivity sequences 
of some 31-series of substrates of type RMXn substitutions 
on the basis of the possible mechanisms of substitution and 
suggested that there was a continuous gradation from the 
mechanism Sv.2(open) through SP2(cyclic) to Sir2(co-ord) .i-j Hi ^
3 4Following this theory, Abraham and Grellier obtained rare 
constants for the substitution of tetraralkyltins? R^Sn, by 
mercury(II) acetate both in methanol and tertiary butanol*
It was suggested that, if the open transition state assigned 
by Gielen and Nasielski^ to the iodlnation oftetra-alkyltins, 
R^Sn, in methanol was of the 3^2(open)Ret type, then it might 
be possible to observe a spectrum of mechanisms, passingfrom 
S^,2(open)Ret through transition states with more cyclic 
nature, to 2(cyclic)Ret, as the solvent polarity decreases. 
However, if the mechanism in polar solvents is actually 
S^2(open)Inv it is more difficult to envisage a gradual change 
to the S|.,2(cyclic)Ret mechanism that is supoosed to operate
J it ^
in nonpolar solvents. It is possible that the Sn2(open)Inv
i*
transition state obtains until the solvent polarity is 
decreased to a particular level, when the transition state
110
then adopts the S^2(cyclic)Eet shape. Alternatively, it is
possible that the two mechanisms S^2(open)Inv and 3^2(cyclic)
retention operate in all solvents, but that the relative
proportion of these mechanisms changes with solvent polarity; .
in polar solvents more reaction takes place by the Sg2(open)Inv
route but in less polar solvents more reaction proceeds by
74the 8^2(cyclic)Ret mechanism .
Reutov and Petrosyair*^, on the other hand, reported
(without giving experimental evidence) that the effect of the
solvent upon the rates and mechanisms of various organo-
metallic reactions cannot be explained simply in terms of the
variation in reactivities of organometallic molecules; since
other factors such as the effect of the solvent upon the
reactivity of the second reactant (electrophile) or upon the
solvation of transition state are equally significant*
The importance of the effect of the solvent upon the
reactivity of the reagent which attacks an organometallic
molecule is very well illustrated with the data obtained by
89Pilloni and Tagliavini , ¥;ho found that tetra-alky 1-lead
derivatives react with iodine 15 to 20 times faster in
benzene than in CCl^ .. Both benzene and CCl^ are nonpolar
solvent, have dielectric constants (S - 2.25) and are equally
ineffective at solvating E^Pb molecules. A similar approach
may be applied to the analysis of the effect of the solvent
upon the rates and mechanisms of the p.rotodeinetallation of 
, ,'121,126,127organometallic compounds 9 9
In short it is not possible to discuss all the various 
studies pertaining directly or indirectly to the influence
Ill
of the solvent upon 8P2 reaction rate reactivity. However,ii
the discussion given above demonstrates that the effect is
very complex and depends on the nature of the substrate as
well as the attacking reagent. Nearly all the investigations
in this field involve the influence of the solvent on the
nature of substrate, whereas the effect of the solvent upon
the attacking reagent are also important.
The present work has, therefore, been directed towards
furthering the knowledge of the solvent effect upon the
electrophile and possibility of passing from one mechanism
to another by changing the solvent polarity as well as the
nature of solvent. In order to investigate these effects,
similar kinetic experiments as Section 5, were carried out
SOusing the hydroxylic solvent tetiary butanol (8 = 11.6)
25and the non-hydroxylic solvents acetonitrile (S = 36.0) 
and acetone (8^ = 20.5).
It has been shown that the reaction of tetraethyltin 
with mercury(II) acetate equation (6.1) in solvent methanol 
(Refs. 68,34, and this work) follows second-order kinetics,
Et^Sn 4 Eg (OCOR) 2   Et^SnOCOR 4 EtHgGCOR '6.1
first order in tetraethyltin and first order in mercury(11) 
carboxylate, so that a substitution of the group R of the 
carboxylate for a more electron withrawing group R* can be 
considered in the light of the three possible Su>2mechanisms 
(for shape of transition states see previous Sections 1 and 
6). Accordingly, for the 8cr2(open) mechanism, this will result
1 12
in an increase in the rate of reaction, and the opposite will 
be true for the Sg2(co-ord) mechanism. For the S^2(cyclic) 
mechanism, relatively little change in rate would be expected. 
Note that when R 1 is a more electron withrawing group than 
R, the acid r'cC^H is stronger than RCOgH. Thus by measuring 
the various rates of reaction, and comparing the results with 
the strengths of acids from which the mercury(II) carboxylates 
are derived, it should be possible to deduce any change in 
mechanism of the reaction under consideration.
Rate constants for reaction (6.1) were obtained using 
the same kinetic procedure as before. As mentioned in Section 
(5), due to the instability of the mercury(II) carboxylates, 
it was necessary to determine the amount of carboxylic acid 
necessary in the reaction mixture to prevent solvolysis of 
mercury(II) carboxylates. Small quantities of the corres­
ponding carboxylic acid were therefore added to the reactant 
solutions. Similar effects as before (Section 5) on the rate 
constants were observed for reaction (6.1) in each solvent 
except that amounts of carboxylic acid needed to suppress 
solvolysis were rather less for the solvents tertiary butanol
and acetone than methanol and acetonitrile respectively.
1 28This is in accord with Nernst-Thomson rule* which predicts 
that in a medium of low dielectric constant the electrostatic 
attraction between positive and negative ions will be large 
and such solvents would be expected to have a small solvolysis 
influence on the mercury(II) carboxylate; a medium of high 
dielectric constant,'however should favour solvolysis.
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The full results of the kinetic studies on therections 
between tetraethyltin and mercury(II) carboxylates in solvents 
tertiary butanol, acbtone, and acetonitrile at 30 °C are given 
on pages 197 ? 206, 201, and are summarised here. Since the 
results in methanol will also be discussed here, it seems 
more convenient to give them again rather than to refer-back.
Et^Sn + Hg(0C0R)2 in MeOH at 3 0 ^
R: Bu fit Me Ph g i c h2c h2 MeOCHg c i c h2
k2 26.7 52 .2 71.5 85 .5 89,3 233 329
k2rel 0.37 0.73 1 1.2 1.3 3.3 4.6
a
pKa 5 .03b 4 .87b 4.76b 4.21 0 3 .99c 3.99° 2.86
& ? P^n values are for aqueou.s solution at 25 °C.
b, From Kef.129« c, From Ref.130,
Et^Sn + Hg(OGOR) 2 in But0H at <
04 O O O
R« Bu"6 fit Me Ph c i c h2c h 2 MeOCH C1CH
2
k2 0.175 0.666 1.14 0.579 1.27 3 .91 20,7
kgrel 0.15 0.58 1 0 ,51 1.1 3.4 18
Et^Sn + Hg(OCOR) 2 in MeCN at 30 °C
Rs Bu^ Et Me C1CH2CH2 MeOCHg
k2 10.1 9 .37 10 3 33.0 49 ,6
k0relc. ' 0 *97 0 .90 1 3.2 4 .7
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Et^Sn + Hg(0C0R)? in MeCOMe at 50 C
R* •Eu* Et U Q CICHgCHg MeOCHp
k2 1.18 1.23 1.44 7 *71 10 .6
k^rel 0.82 0,85 1 5.4 7.4
-1 -1All the rate constants are expressed in units of 1 mol min, 
and rates are also given relative to the rate for mercury(II) 
acetate as 1.
It is possible that there are steric effects v/ith 
mercury(II) benzoate in tertiary butanol (compare Ref.'98), 
but its peculiar behavior in tertiary butanol would be 
expected due to slight absorption of the aromatic group in 
the region used for analysis of kinetic mixtures, even though 
necessary corrections have been made. It was therefore, 
decided not to study this compound in acetone and acetc-nitrile 
solvents. However-it is regrettable that sensible results for 
reaction of tetraethyltin with mercury(II) morrochloroacetate 
in solvent acetone as well as acetonitrile could not be 
obtained. In the first few minutes, reaction of the mcno- 
chloroacetate took place very rapidly (75/5 completion), but 
thereafter proceeded very slowly. Over the first 75$ reaction,, 
it was too fast to follow and h nee no proper results could 
be obtained.
Two graphs are plotted on the following pages. The first 
is a graph of the logarithms of the rate of reactions between 
tetraethyltin and various mercury(II) carboxylates against . 
pKa values of corresponding carboxylic acids, both in methanol
l
o
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O]
2.0
1.0
Me OH
MePh
Et
Bu
Bu OH
3.5 4 J 4 • 5
pKa
Figure 7,1* Variation in logk^ tor reaction (7.1) with 
the pKa of the carboxylic acids respective to various 
Hg(OCOR) ; curves labelled in terms of the solvent.
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(b^ = 32.,6) and tertiary butanol (6^° = 11.6). It can be
seen that for each raercury(II) carboxylate, as the solvent
polarity is increased by changing from tertiary butanol to
methanol, the reaction rate is increased* This is in accord
£
with the Hughes and Ingold theory , since the reactions 
which have been studied are all reactions between electrically 
neutral reactants which proceeds to transition states which 
are more polar (i.e. have more charge separation) than were
O
the initial statesuo, A similar explanation applies for
reactions in solvents acetone and acetonitrile (Ref. 69 and
this work Section 4) <>
It is also apparent that in spite of the difference in
the solvent used, the variations in the rate of reaction in
methanol and in tertiary butanol are relatively similar and
are linearly related* hence the shape of the graphs have the
same appearence. This suggests that, there is no substential
change in the mechanism of reaction. On this evidence,
reaction (6.1) in tertiary butanol is also an Sg2(open) process
(as is the reaction between tetraethyltin and mercury(II)
6Rchloride, and mercury(II) iodide in this solvent ) .
The second graph shows the logarithms of the rates
constants obtained in non~hydroxyllc. solvents acetonitrile
26 25(S c 36*2) and acetone (£> s 20.5) as well as methanol,
again plotted against pKa values of the corresponding
carboxylic acids. Here again, a rate variation is observed
for the reactions between tetraethyltin and mercury(II)
carboxylates in non-hydroxylie solvents, but the variation
is of a completely different nature to that observed in
l
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1.5-
MeCOMe
Figure 7.2. Variation in logk^ For reaction (7.1) with 
the pka of the carboxylic acids respective to various 
Hg(OCOR) ; curves labelled in terms of the solvent.
MeOCH
Me OH
MePh
Et
Bu
MeCN
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methanol and tertiary butanol. In particular, the effects 
for the mercury(II) salts of the weaker carboxylic acids 
(i.e. the change in rate with pKa), are quite different and 
becomes less with increasing strength of the acid.
The graphs of logkg- in tertiary butanol against logkq
156in methanol, and pKa of appropriate carboxylic acids in a 
number of hydroxylic solvents against pKa in methanol were 
also plotted. All the graphs were found to be more-or-less 
straight lines, and their slopes were calculated by least 
squares method and are given below,> for the pKa plots,
Solvent 100/ S Slope
h 2o 1.25 0,97
MeOH 3.07 1 .00(reference)
EtOH 4.12 1.03
BunOH 5.85 „ 0,81
where £ is the dielectric constants of solvents at 25 °G .
n , Bu^OH . . — , MeOH ., ., !A plot of logkg against logk^ on the other hand, is
a reasonable straight line of slope 1.42. ■
We can now argue in two ways,
(a) Suppose the Nernst-Thomson rule is not obeyed in these
hydroxylic solvents (as would be deduced from the more—or—
less constant slope of the pKa plots of carboxylic acids),
Then since the polar effect in the ht^3n/Hg(0C0R)^ reaction
is large in tertiary butanol, transition state is more open
in tertiary butanol than in methanol.
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(b) Suppose we assume, that the hernst—Thomson rule is valid 
(but happens not to apply to the carboxylic acids) , Then we 
would expect the effect of substituent in tertiary butanol 
to be more than in methanol. We cannot say how much more, so 
from the slope of 1*42 one can only say that the transition 
state must be more~or~less the same as in methanol.
There is not enough data for corresponding pKa of the 
carboxylic acids in aprotic solvents available, so that we
are unable to make similar comparisions about acid pKavalues.
TI ., _p->i keCOMe . , . . he ON . _ .However, the plor of logk2 against logk^ is linear
v/ith slope of 1.35 « Thus by similar arguments to those above, 
(a) the transition state is deduced to be more open inacetone 
or (b) the transition state in acetone and acetonitrile is 
more-or-less the same.
Another argument in favour of hypothesis (a) is that 
according to the ion-atmosphere effect of added salt, the 
Et^Sn/HgCl^ transition state is actually more polar in 
tertiary butanol than in methanol and more polar in acetone 
than in acetonitrile, In fact the sequence of polarity of 
Et^Sn/HgGl^jS MeCN MeCQMe <(" MeOH Bu^OH is exactly the 
same as we would deduced for the Eton/Hg(QCGR) transition 
states if the Nernst-Thomson rule was not valid*
Similar experiments involving change in Initial 
concentration of mercury(II) acetate in acetone at 30°G were 
also carried outs Results are in Table llg on page 208 and are 
relatively parallel with those for the mercury(II) acetate 
reactions in methanol. A dissection Into different contri­
butions of the species Ilg(OAc) * , Hg(0Ac)o>' and Hg(OAc)^ was
120
not possible in this case, because of the extreme difficulty 
in obtaining the necessary stability constants in acetone .
Now, since reaction (6.1) in methanol is a retention 
process (Kef. 34 and this work), it follows that if the 
mechanism is not Sg2(open)Ret in aprotic solvents, then it 
must be either S.,2(cyclic) or most probably an intermediate 
between an.open and fully cyclic which also results in 
retention of configuration at the substituted carbon atom. 
The transition state could be as shown below.
OGOR
In summary this observation is in agreement.with a 
gradual change in constitutional effects with nature of 
solvent rather than solvent polarity, and confirms the 
proposition that both S^2(open) and Sri2(cyclic) transition 
states operate in all solvents, with the former dominant in 
hydroxylic solvents, and the later dominant in non-hydrox'ilic 
solvents 8
Since this is the first indirect method devoted to an
experimental study of the solvent effect upon the structures
and reactivities of electrophilic compounds, and since the
solvent polarity is also equally significant, it is further.
•>
suggested that the problem may successfully be approached
121
through a study of the effect of the less polar aprotic 
solvents with dielectric constant (10 or 5) to consider the 
possibility of producing a fully cyclic process.
122
SECTION 7
Further Role of Solvent in 
S^2 Reactions
123
14There have been.proposed two.distinct mechanisms for
bimolecular electrophilic substitution, one involving a
cyclic transition state with (idealy) no separation of charge
and the other involving an open transition state in which
charge separation is present* these mechanisms are more fully
25described in Section 1 ; on page 15 „ It has been presumed
that these--two mechanisms could be distinguished by the effect
upon each of changing the polarity of the solvent,an .increase
in solvent polarity being brought about by the addition of
salt or of a more polar solvent., The more polar the solvent
becomes the greater would be the stabilisation of the
transition state in which there was separation of charge,
and an increase in the rate of reaction should result. On
the other hand a cyclic transition state would be neither
stabilised nor destabilised and no • change in rate should
97result. It was previously suggested that an increase in 
rate of reaction brought about by the addition-of salts could 
be due to anion exchange which would be the more. favourable 
for carboxylate than for the chloride or iodide (see Section 
5, page 78 ). If this is so then the salt effect criterion 
by which the open and cyclic mechanisms have been distin­
guished is no longer wholly valid? the effect of polar co­
solvent would then be the only criterion, based on medium 
effects, for this purpose.
It .was the aim of this Section, thereforeto study the 
above medium effects in the hope of gaining more information 
about the mechanism of reactions between tetra-alkyltin and 
mercury (II) salts f .
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1 Solvent influence on activation parameters in 2 reactions 
of mercury(Il) chloride with tetra-alkyltins . .
As mentioned in the previous Section, it is not possible
to accurately answer the question "How does a given solvent
influence the rate and mechanisms of organometallic reactions?"
Various attempts have been made by some workers, however, but
these are at best of limited significance. Thus, Rochow et al
have stated that solvation of an organometallic molecule is
accompanied by transfer of electron from a donor atom in the
solvent, leading to a decrease in the carbon-metal bond
polarity and hence to decrease reactivity of the organo-
131metallic compound  ^ . The same point of view is supported by 
132Pauson who emphasises that the greater the donor 
reactivity of solvent the more pronounced the decrease in
■j y y
the organometallic reactivity. Okhlobystin "^has expressed
quite the contrary opinion, assuming that complex formation
leads to an increase in the carbon-metal bond polarity and
hence to an increase in the rate of heterolyticsubstitutions
and exchanges. It has been noted already that neither of
these view points may serve as a general rule since each
approach explains only a particular set of data obtained for
particular reactions of some organometallic compounds.
134In interpreting their data, Dessy et al  ^ noted that 
the activation energy of disproportionation of diphenyl— 
mercury with mercury(II) iodide increases when cyclohexane 
and benzene are replaced by ethanol and dioxane as solvents, 
and attributed this to the solvation of the organoraercurials
125
in their ground state, the solvation leading to a decrease 
in the ground-state energy. For strongly solvating solvents,
greater variations in the energy of activation should be
154 135
observed, . Reutov' et al“"v showed that the effect of the
solvent upon the activation parameters might be in opposite
directions for different types of organomercury reactions.
Thus, in the isotopic exchange of mercurated phenylacetates
with Hg Br^ in aprotic solvents (pyridine, DMF, and DM30),
the energies and entropies of activation are lower than in
protic solvent such as aqueous dioxane or aqueous ethanol.
In contrast, the energies and entropies found for the
reaction of benzylmercurychloride with iodine in protic
136
solvents are lower than those in aprotic solvents
49
Gielen and Nasielski have defined a solvent parameter, 
X (see Section 3? page 52), and two factors were put forward 
to account for effects on the rate of halogenodsmetallation 
of tetra-alkyltins| a general stabilisation of charge- 
separation in the transition state that increases with 
increasing solvent polarity and a specific solvation of the 
leaving tin atom in transition state by nucleophilic solvents 
It is evident, from the.above short discussion, that 
interpretations of solvent effects on the rate of organo­
metallic reactions were restricted to discussion of the
relative effect of solvents on the reactants and the
87,-84 '
transition state until recently. Abraham et al proposed
that solvent influences on activation parameters for 
substitution reactions can be dissected into initial-state 
and transition-state contributions in terms of the standard
126
free energy, enthalpy, and entropy of transfer of a species 
(either a reactant or transition state) from a given solvent
o
to some other solvent. The determined values of AG^(Tr),
where Tr represents a transition state, can then be compared
with values for solutes that might be regarded as
suitable models for the transition state. Solvent effects on
rate constants for reaction between tetraethyltin and
mercury(II) chloride in solvent methanol-water and tertiary
butanol-methanol have been studied'^56*3,86 ^ ra e^ jLncreases
occurring on addition of water to methanol were found to be
54entirely due to destabilisation of the reactants , whereas 
the rate decreases as the tertiary butanol content of the 
solvent was increased were due to the solvent effect on the 
transition state. More recently, a dissection of solvent 
effects has been carried out on the reaction between tetra­
ethyltin and (HgX2j X = Cl, I, and OAc) in a number of pure 
hydroxylic solvents, and solvent effects on the rates of 
reactions were felt to be mostly due to the effects of the 
solvent on the transition states^. In particular the S™2 
transition states were greatly affected by the polarity of 
the medium, which was felt to be due to the large charge 
separation in those transition states.
137Alternatively, as suggested by Haberfield, values of
o , o
AH-k(Tr) can be compared with A  values for the correspondung 
reactants and products . Following this suggestion Abraham 
and Hogarth " determined the activation parameters for the 
substitution of tetra-alkyltins (R^Sn* R = Me, 131, and Bud)
o
by mercury (II) chloride in acetomtrile and values of A H ^ T r )
127
were compared with AH^(Reactants) for transfer from methanol 
to acetonitrile . It was concluded that the change from solvent 
methanol to acetonitrile effects"an increase in the enthalpy 
of the reactants, v/hereas the transition state was little 
affected.
The object of the present work was to discus solvent 
effects on the activation parameters for reaction (1.1; R=Me, 
and i$t) in the pure non-hydro^ylic solvent acetone and compare
R.Sn + HgCl0 — --- — RvSnCl + RHgCl 1.1
<T k P
the values of AX^-(Tr) with those found in acetonitrile and 
methanol,
The values of rate constants for reaction (1.1; R = Me, 
and lit) were obtained at 15, 25, 30,; and 40 °C. Confidence 
(based upon the deviation determined) can be placed in the 
values of kg for reaction involving tetraethyltin, whereas 
less confidence must be placed in that of tetramethyltih.
A graph of logkg plotted against l/^ is a concave curve for 
reaction involving tetraethyltin although a straight line 
can be drawn to.pass within one standard deviation of each 
rate constant (D, the deviance* is taken as 0 3 %  in each case) 
In the case of tetramethyltin the points were more scattered 
although a reasonable straight line was obtained for the plot 
of logkg against. 1/qj .
finally, activation parameters calculated for the . 
temperature range 25' to 40 °C were regarded as the most reliable,
* D - 100 '0/ko where 0 is one standard deviation in kg
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even though there were good agreements between these values 
and values for the temperature range 15 to 40°C (see Section 
15 ,page 249) .
The activation free energies, enthalpies, and entropies 
for reaction (1,1; R - Me and Et) in solvent acetone were 
calculated as described in Section 15, The results are given 
in Table (1.1) together with corresponding values in solvents 
methanol and acetonitrile. All constants in Table (1.1) were 
calculated from rate constants in 1 mol“  ^ see \  corrected 
for solvent expansion.
Table 1.1. Activation parameters* for the :
of R|Sn with HgCl2 in various solvent
R^Sn Solvent
4
A O p g s
A
A H A  S
M e^Sn Me OH 17 .190 10 ,600 -22.1
!I M MeCN 16 .840 8 .000 -29,6
1! It MeCOMe 17 .743 9 .035 -29.9
Et^Sn MeOH 20 ,831 14 .345 -21.7
5J I MeCM ’ 19.812 10.525 -31.1
I I MeCOme 21 J..76 12 ,470 -29 .1
* A  Cr'/?' and A  B?' in kcal mol \ A  sr in cal deg
Ref.
67
73
This work
138
139
This work 
'1 —1
In the aprotic solvents, the free energy of activation
behaves in a relatively simple fashion as predicted by the
1Hughes-Ingold approch to medium effects on reaction rates . 
On the basis of their prediction, the reaction is thought
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to occur through the conversion of relatively non-polar
molecules to a transition state involving some charge
separation* so that as the dielectric constant of solvent
is decreased on going from acetonitrile to acetone* the free
energy of activation increases # However, this is in contrast
with the behaviour expected for a reaction in which a polar
transition state is formed from non-polar reactants. It is
140true, from Frost and Pearsons calculation, that as the 
dielectric constant of the medium decreases from 36.2 down 
to 20.5? so the electrostatic contribution to A  0°for an 
ionisation process should increase, but such an increase 
would be due to a reduction in ZkH° countracted by a very large 
reduction in A  S°9 Prom the data of Okamoto et al'*'^ the value 
of AS^" for a bimolecular reaction in which non-polar 
reactants forms a polar transition state there should be 
remarkable decrease as solvent acetonitrile is replaced by 
acetone, with a concomitant decrease in A H V , Whereas ,for 
reaction (1.1* R = Me and Et) there are only slight decreases 
in A S  and a quite large increase in A H  from acetonitrile 
to acetone as solvent.
A comparison of the reactions of tetra-alkyltins with 
mercury(II) chloride in hydroxylic solvent methanol with 
those in non-hydroxylic solvents acetonitrile and acetone 
shows that the transition state resembles the reactants more 
closely .for methanol than for acetone. In other'words, -if in 
a protic solvent reactants are more solvated in the ground 
state than in the aptotic solvent, then less ordering of the 
transition state occurs when methanol is replaced by acetone
130
and the r e a c tion will have a less negative activation entropy
than the raction in non-hydroxylic solvent. On the other hand the
activation entropies (for the temperature range 25 to 40°G)
for reaction (1,1; R == Me and Et) in acetonitrile and acetone
suggest that the transition states resembles the reactants
to a similar extent in both cases.
It has in fact been shown that in solvent methanol at
25 °C mercury(II) chloride is in equilibrium with the
142,143
dimethanolate (IigClg ,2MeQH) , Further, it has been
shown that in solvent acetonitrile HgC^ and HgBr^ are 
144unsolvated , it seems therefore, quite reasonable to assume 
that mercury(II) chloride is also unsolvated in solvent 
acetone ,
The values for the entropies of activation for the 
substitution of. tetra-alkyltins by mercury(ll) chloride in 
solvent acetone are compatible with both mechanism Sn2(open)il
and S^2(cyclic) in the light of an analysis of entropies of
qq
activation by Aoraham and Spalding^* In this analysis it 
was shown that entropies of the same magnitude had been found 
for reactions that were claimed to proceed by either of these 
mechanisms,
The enthalpy of activation for reaction involving tetra-
alkyltin in solvent acetone (determined for the temperature
range 25 to 40 °C) is lower than in solvent methanol but
higher than in solvent acetonitrile . It is possible to
establish whether this is due to solvent effects upon the
reactants or on the transition stale (or upon both) through
x
equation (1,2), where ^ H +(Y) represents the enthalpy of
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AH*(Tr) = A H * ( H 4Sn) + AH^(HgCl2) + S A H *  1.2
transfer from methanol (solvent 1) to acetone (solvent 2) of
i 4"
4= *r 4
species Y (on mole fraction scale) and B A H  ~ A  Ho - •
the later quantities are the enthalpy of activation in solvents
X
2 and 1. Values of A ( R e a c t a n t s )  have been kindly determined 
by Dr M.H. Abraham calorimetrically. The enthalpy of transfer 
calculated from the above equation are given in fable (1,2) 
together with corresponding values for transfer from methanol 
to acetonitrile.
Table 1,2,.Enthalpy of transfer from MeOH to MeCN and MeCOMe 
of R/|Sn and HgClg transition state (kcal mol~^) at 25 °C
R.Sn Solvent AH^S^Sn) AH*(HgCl2) S A H ¥ AH*(Tr)
Me.Sn MeCN 0,86 1,65 -2,60 -0,09
4
« " MeCOMe 0,74 0,30 -1.57 -0,53
JSt^Sn MeCW 1,15 1 ,65 -3 ,83 -1,03
.»* » MeCOMe 0,61 0,30 -1.88 -0,97
A
a, Calculated from values of A H f on the molar scale.
It can be seen that the change from solvent methanol to 
solvent acetone effects an increase in the enthalpy of reactants, 
The transition state is little affected although the value of 
AH^(Tr) corresponds to the stabilisation of the transition 
state in solvent acetone. It is interesting, however, that the
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transition state in both aprotic solvents acetonitrile and 
acetone resembles to each other and affected somehow to a 
similar extent in both cases 0
Because of the large variation in A S ’^ with change of 
solvent from methanol to acetone, it is apparent that a single 
observation of the value of A S  in one solvent cannot be 
used to decide between the possibility of an "open" or a 
"cyclic" transition state, especially in view of the fact
5?:
that the numerical value of A S r for a bimolecular reaction
&
depends on the standard state adopted. For example A S  for
- 1 - 1
reaction (1.1* R = Ft) in solvent methanol is (-22 cal K mol) 
if concentration are expressed in mol I"”1 of solution, (-16
-1 ~1N „i
cal K mol ) if mole fraction scale is used, and (-117 cal K 
mol”***) for concentration in molecules per m l ^
Values of free energies of activation for reaction (1*3) 
(R = Me, Etj X = Cl, I, and OAc) were, therefore, further
Bn - + HgX0 ------ R7SnX + RHgX 1.3j
dissected into initial-state and transition-state contribution 
through equation (1*4)
AG*(Tr) = AG^(R4Sn) + AG^(HgX2) + S AG* 1.4
!X
where A-G. represents the standard free energy of transferX
of a given species from the reference solvent 1 (methanol), 
to another solvent 2' (acetone) in mole fraction scale, The 
transition state is again denoted by Tr, and S A G ' =AGo-A6-
V
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the later quantities are the free energy of activation in 
solvent 2 and 1.
i
Values of SAG can be derived from the values of reaction
rate constants in the various solvents. If k^ and k2 are the
-1
rate constants in solvent 1 and 2, then in units of cal mol9
x
SAG = - B I Ln fjL. 1 .5
kl
x c
v/here k^ = k^ x(lOOGf)/^ ; p and M being the density and 
molecular v/eight of i <J^  solvent respectively,
x 86
The most convenient method of determining A G ^ H g } ^ )  is 
through solubility measurement using equation (1,6)* In this
A G *  = R 1 Ln ( xx/ x2 ) 1.6
equation x^  and X2 are the mole fraction solubilities of the
non-electrolytes solute in solvents 1 and 2, and A g .^ is the
standard free energy of transfer on mole fraction scale in
units of cal mol ^ , Since for non-elecrolytes which deviate
only slightly from ideal behaviour, the ratio of the activity
coefficients ^ 2) *^rl "^v;0 solvents can be taken as
unity. This equation is valid if the same solid is in
equilibrium with the saturated solutions in solvents 1 and 2,
As mentioned above, in solvent methanol, at 25 °C K g C ^
is in equilibrium with the disolvate IigCl9 ,2MeOH, so that a
86
theoretical value ( xq ~.0*169 ) was used, which represented 
the solubility if the solid phase in equilibrium with the
134
Saturated solution were unsolvated HgClg . The absence of 
any similar solvation in solutions of mercury(TI) acetate 
and mercury(II) iodide in methanol was demonstrated by
r j A  -i A r*
Grellier and Madaule-Aubry respectively.
The method used to determine the required solubilities 
in acetone are described in Section 13* the solubilities of 
mercury(II) salts (HgX2; X = I, and GAc) in methanol, and 
the values of AG^(R^Sn) in acetone were taken from Refs.74- 
and 85 respectively. Values of the rate constant for reaction 
(1.3^ R Me, and iSt* X - I, Cl, and OAc) are given in 
Tables (1.3) and (1.4) for the substitution of tetraethyltin 
and tetramethyltin by mercury(II) salts respectively.
In order to find the theoretical value for mercury(II) 
chloride in acetone, free energy of transfer from methanol 
to acetone at 25 °C was calculated directly at 25 °C and 
indirectly at 25 °C from data at 45 °C „ The direct value at 
25 °C using (x^ = 0.1650} and (xq = 0,2076) is -0.122 kcal 
mol~^* * A direct value at 45 °C can be obtained using 
(X1 ” 0.1520U 5 ) and (.Xg *= 0.2131} to give A G ^  -0.214 in
O
mole fraction scale . Then using AH^. » 0,300 kcal mol , the 
value of A.0^ ., at 45 °C can be used to deduce an indirect 
value at 25 °C of A C ^  & -0,182 kcal mol“*^ . The direct and 
indirect values agree quite welland an average value of 
-0.150 kcal rnol*~^  was. taken. The close agreement between the 
values obtained was reasonable enough to assume that the 
mercury(II) chloride in acetone exists as unsolvated entity 
in equilibrium with a, saturated solution of mercury(II)
135
chloride (as is HgClp in acetonitrile )
Table 1.3. Rate constants for reaction Me^Sn + HgXp
—1 —1 —l
in 1 mol min and mole-fraction sec
MeOH .vie CO he
e
c c X
tu )Q X ) k k k k~ z 2 2 2 2
HgCl2 93 .ioa 38 .10 36,78 8,288
Hoi 2 28.20b 11.54 45.58 10.27
Hg(0Ac)2 6400° 2619 128,9 29.04
Table 1 .4. Rate constants for reaction Et.Sn + HgXp
in 1 mol’"’*' min ^ and mole-fraction""^ -1sec
]VieOH CD O O
e
e
c X c X
HgX2 k2 k2 k2 k2
HgCl2 0,200d 0 ,-08183 0,1121 0.02533
Hglp
d
0 ,152 0,06212 0.2886 0.06500
Hg(OAc)
C,
28 .00° 11.46 1.174 0,2645
Ref. 67 . (b) Ref, 146, (c) Estimated value s Ref. 147-
Ref, 68 ( e )  This work,
The results obteined for the free energy of transfer 
from methanol to acetone are given in Tables (1.5) and 0—6 ) for 
reaction (.1*3; R ~ Me5 X = Cl, I, and OAc) and (1,3; R == Et» 
X — Cl, I, and OAc) respectively.All free energies of transfer
-1 ci-
are- expressed in kcal, mol, on the mole fraction scale at 25 C
136
and the reference solvent is methanol
Table 1.5. free energy of transfer from MeOH to MeCOMe 
for reaction between. Me^Sn and HgX2 at 25 °C
Keactants AG^i.Ie^Sn) AG*(HgX2 ) S A G  AG*(Tr)
Me^Sn + HgClg -0.80 -0.15 0.90. -0.05
Me.Sn + Hgl2 -0.80 -1.55 0 .07 -2.26
Me.Sn.+ Hg(OAc) . -0.80 -1.64 2.67 0.23
Table 1.6. free energy of transfer from MeOH to MeCOMe
for reaction between Et,Sn and HgX0 at 25 °C
4 2
Reactants AC-^(Et ^Sn) A Gt(HS*2) SA G * AG*(Tr)
Et^Sn +'HgClg “0 .93 -Q .15 0,70 -0.38
Et^on + Hgl^ *~0 ,93 -1.53 -0.03 -2.49
Et^Sn 4 Hg(OAc) 2 “0.93 -1.64 2.23 -0.34
The results show that the transition s oate of Hgl2 •
reactions in both cases is stabilised more than other
mercury(II) salts although the reactants make significant 
contributions to the activation free energy in both of 
mercury(II) acetate and mercury(II) iodide reactions.
Since both AC-S and All7 have been dissected into 
initial-state and transition-state contributions for the 
tetraethyltin/mercury(II) chloride reaction, it is possible 
to achive a similar separation in terms of the entropy 
f u n c t i o n . . C o m b i n a t i o n .  o f  t h e  v a . l u e s  o f  A ( Y ) g i v e n  i n
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Tables (1.5) and (1.6) with values of AI^(Y) given in
Table (1.2) yields the values of AS*j.(Y), where AX°(Y)are
the standard free energy, standard enthalpy, and standard
entropy of transfer of species Y from solvent methanol to'
acetone respectively. The results obtained for AS^(Tr)
- 1 - 1
expressed in cal mol deg are given in Table (1.7)' on the 
mole fraction scale.
Reactants
eOH to MeCOMe
at 25 °C
SAS^* AS*(Tr)
-8. 28 -7.06
-8.64 -8,29
Me^Sn + IigCl2 -0.20 1.42
St4Sn + HgClg -1.07 1.42
X
Values of AS,(Tr) are much smaller than that of the t
■A(Reactants); this is expected if the transition state 
carries substantial charge separation (compare also with 
values for entropies of transfer from methanol to aqueous 
methanol of tetraethyltin/mercury(II) chloride reaction®^). 
The large negative values of S A S *  (SAS^ & A s t  - iAS-j) , 
depends in a complicated way upon both initial-state effects 
and transition-state effect. However, the small negative 
values of AS^(R^Sn) may be attributed to a "structure-, 
making1 -effect in which the solvent acetone molecules are 
slightly ordered around the periphery of the solute molecule, 
whereas the large positive value of 'A.S^(HgClp) indicates 
that a less ordering occurs as the methanol is replaced by acetone
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and confirms again that mercury(II) chloride is more solvated 
in methanol than in acetone.
The increase in the value of for reaction (1,1;
R = £t) as methanol is replaced by acetone is compatible with 
the presence of the open transition state (see Section 2), 
but does not preclude the possibility of a gradual change 
towards the cyclic transition state in the less polar media. 
It was therefore necessary to investigate the effect of 
added inert salt on the rate constant for reaction of tetra­
ethyltin and mercury(II) chloride in solvent acetone.
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2 The effect of added inert salt on the rate of reaction
between tetraethyltin and mercury(11) chloride , .
The addition of tetra-n-butylamraonium perchlorate
VO
(Bu,NC10 ) to reaction mixtures caused an increase in the 
v 4 4
rate of reaction of tetraethyltin and mereury(II) chloride
s
at 25 °C (see Table 13^ . on page 212) , Graoh of k0A? againstd. ^ 2
salt concentration are represented in figure (2.1), where
S o
k and k are the second order rate constants in presence 
2 2 F
and in the absence of salt respectively, including those
or 
69
6Bdetermined f this reaction in solvents methanol and
acetonitrile
According to the Hughes and Ingold theory of kinetic 
salt effect***, an increase in rate with increasing polarity 
of the solvent medium (activated by addition of inert salt) 
indicates that reaction is proceeding by a transition state 
v^hich is more polar than the initial states.
It can be seen from figure (2.1) that the effect is 
stronger in acetone than in methanol and acetonitrile. These 
different sait effects may possibly be correlated with the 
degree of dissociation of the salt in solvents used, but 
unfortunately complete data are not available,
In order to investigate this effect precisely, the
quantitative calculations on the degree of charge separation
in the transition state were followed by the same manner as
68.utilised by Abraham and Behbahany (see also Section 2),
The results of this calculation including corresponding 
values in methanol and acetonitrile are given in Table(2,1),
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2.51
Bu^NClO./MeCOMe
2 /,  o
Bu,NCIO. / MeOH
Bu, NCIO, / MeCN
0 Salt! mol 1 1
S  / oFigure 2.1, Graph of values of 1c*0/ lc0 plotted against 
values of [Salt] for reaction of tetraethyltin by 
mercury(II) chloride in different solvents.
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Table 2.1. Comparison of ion-atinosphere effect of added 
Bu^NC.lO^ in substitution of Et^Sn by HgCl^
Solvent T/°K 8 j {
lo<
, % S , o .
3(1c2A 2)'
1 I-»i
\ Z2d 
3
Z Ref.
MeOH 298 32.6 0,972 2.15 2.21 0 .84 68
ButOH 303 11.6 7,423 19.00 2,56 0.91 68
MeCN 298 36.2 - 0.65 0.46 69
MeCOMe 298 20.5 2.460 ■[2.55
.4 .66
1.04 
1.89
0.581*
0 .78 J
This
work
It is seen that the value of charge separation (2) in 
acetone is between the corresponding values in acetonitrile 
and methanol, and still high enough for us to suggest that 
reaction under consideration in solvent acetone proceeds 
through a transition state in which there is considerable 
separation of charge .
* Obtained from two different extraoolations
142
The effect of added halide ion upon the rate of reaction 
between tetraethltin and mercury(II) chloride
Y'S ftJohnston' J found that the effect of added chloride
ion on the rate of reaction (3.1) in methanol was not
+significant. He concluded that HgCl is not the effective 
Et^Sn + HgClg — — --- *=» Et SnCl + EtHgCl 3 .1
electrophile in the reaction, and that no nucleophilic
assistance to the reaction (3.1) is given by HgCl^ .
139Hogarth observed an overall retardation on the rate 
of reaction (3.1) on addition of tetramethylammonium tri- 
chloromercurate (Me .NHgCl-,) in solvent acetonitrile . It has
r J
been reasoned .that the species HgCl^ is not an effective
electrophile for reaction (3.1) in solvent acetonitrile, but
that the effective electrophile is .mercury(II) chloride..
148More recently Reutov et al reported that, in dimethyl
sulfoxide and presence of the chloride ion in addition to
the reaction of series of un-symmetrical' tetra-alkyltins.
(HSnMe-) with mercury(II) chloride, a catalysed reaction with
mercury(II) chloride under the action of the Cl or a reaction
with the HgCl., ion takes place, 
j
For study of the effect of added chloride ion on the 
rate of reaction (3.1), no anhydrous and non-hygroscopic 
chloride salt that was sufficiently soluble in acetone to 
give a (6 x 10~^ mol l"’**) solution was available, and this 
presented some difficulty as to how the required amount of
143
chloride ion could be introduced into the solvent medium. 
However, addition of hydrous tetraethylammonium chloride 
(Et^NClcH^O) in the reaction mixture strongly inhibited 
reaction (3*1) and an excess addition prevented the .reaction, . 
showing that the species HgCl^ is not an effective electrophile 
in acetone solvent.
It is not feasible to analyse the observed effect 
further.
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4 The effect of changing the electrophile on the rate and
mechanism of S„2 reactions between tetra-alkyltin and  : ---------
mercury(II) salts
25
Ingold et al have found that for reaction of di-s- 
butylmercury by mercury(II) salt in solvent ethanol the rate 
increases with increasing ionicity of the electrophile,
hS(N°5)2 >  Hg(Oic) ■ HgBr2 4.1
They have suggested that this is to be expected for an open 
transition state but not for closed one, and have proposed 
mechanism S^2(open) on this ground« Their proposal was 
supported by the fact that the species HgBr~ was a weaker 
electrophile than HgBrg .
Raush and Van Wazer have determined the rate sequences
for the cleavage of dimethylmercury by mercury(II) chloride,
149bromide, and iodide in solvent methanol and dioxane» They 
shov/ed that although the chloride salt reacts faster in 
methanol, this is not the case for solvent dioxane- so that 
mercury(II) bromide reacts . faster than mercury(II) chloride 
in this solvent 9
63 138 150 
The studies of Spalding , Johnston , and Behbahany
show that for reaction (4 c2« X - Cl, I, and OAc). in solvents
Et 3n n  HgXn ———— Et SnX + BtHgX 4 «2
4  ^ 3
methanol-water and methanol-tertiary butanol mixtures the
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reactivity sequence (4.3) increase.as follows,
Hg(OAc) j >  HgCI2 >  HgXg )> Hgl" = 0 4.3
and the rates of substitution increase as the polarity of
the solvent is increased Using the criterion of the polar
co-so'lvent effect then these substitutions in hydroxylic
solvents proceed by mechanism S^2(open) .
1"9The study of Hogarth' ^  , however, shows that sequence
(4.3) did not hold for reaction (4.2* X = Cl, I, and OAc)
in the solvent acetonitrile and hence the observed sequence
was not in accord with the postulated relationship between
sequence (4.3) and mechanism-S-..2(open) „ This has’ lead
69Abraham and Hogarth to suggest that the reactivity 
sequences amongst the mercury(II) halides cannot be used 
as criteria of mechanism S.^2(open) or mechanism Sp2( cyclic) 
so that sequence (4.4) may be regarded as an indication of
Hg(N03)2 Hg(0Ac)2 )> Hg(Kal)2 >  Hg(Hal)” 4-.4
mechanism S.i2(open) . It was the purpose of this Section to 
study the effect of changing electrophile in solvent acetone „ 
The rate constants for reaction (4.5f R ~ ht? Me* 01 
I, and OAc) at 25*C in solvent acetone have been given in
R^on * HgXp — —  R^SnX + RiigX 4.5
Tables 13, page 214. OJhe presence of the acetic acid in the
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-2 -1
reaction mixture (4.03x10 mol 1 ) was necessary to prevent
solvolysis of mercury(II) acetate (see Section 5).
Change of mercury(II) salt revealed the following 
reactivity sequences (4,6) and (4,7) for reaction (4.5;R=Me 
and Et) respectively (relative rates in paranteses) .
Hg(0Ac)2 (2.83) ^>HgI2 (1.0) HgClg (0.81) > Hgl3 = 0 4.6
Hg(0Ac) g (4.06) 5  Hgl g (1.0) >  KgClg (0.39) >  Hgl” = 0 4.7
It should he noted that less confidence (based upon the 
deviance determined) can be placed in the value for reaction 
of tetramethyltin with mercury(II) acetate.
It is interesting that these sequences are in accord 
with the previous order of reactivity obtained in the aprotic 
solvents, and not in the order of decreasing ionicity of the 
mercury(II) salts which is reported for protic solvents. It 
seems clear that sequences of reactivity amongst the : . 
mercury(II) halides are of little mechanistic diagnostic 
value, but it remains that sequence such as (4 ,4) (see also 
Section page 105) still”seem” & reliable criteria of 
mechanism S-2(open) ,
However, the rationk(Me^Sn)/ k(Et^Sn) is 528 in acetone 
at 25°C which according to the hypothesis of Abraham and 
Hill‘d, - would indicate that the transition state for 
reaction (4,5; X = Cl) is nearer to the cyclic than open in 
acetone, . Both the ratio k(Me^Sn)/ k(Et^Sn) and the
degree of charge separation., 2, in the transition, state as
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deduced from the effect of added tetra-n—butylammonium
perchlorate are in agreement with the correlation made
- 7 3
between these two factors'^ as shown in Table (4,1).
Table 4.1. Values of k(Me^Sn)/ k(Et^Sn) and Z in various
solvents at 25°G
Solvent Bu^OH MeOH MeQH/V^Q MeCOMe MeCN
Z: 0 .91 0,84 0.75 0.68* 0.46
k(Me4Sn)/ k(Et4Sn). 900 465 411 328 151
It can be seen that steric effects in -acetone are less 
proonounced than in methanol and confirms the suggestion 
made previously that, the transition state in acetone'might 
be considered to lie slightly toward the cyclic shape.
* -Average value for 'z in acetone.
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The evidence for the mechanism of the reaction between 
tetraethyltin and mercury(II) chloride in solvent acetone 
can be summarised as follows®
(a) The free energy of activation increases with decreasing 
polarity of the medium, suggesting a change from relatively- 
non~polar reactants to a transition state in which charge 
separation occurs .
(b) The entropies of activation are consistent with both 
mechanism 5^2 (open) and -S 2(cyclic) .
ili
(c) Enthalpy of transfer from methanol to acetone show an 
increase in the enthalpy of the reactants and little 
stabilisation of the transition state .
(d) Kinetic salt effects indicate a lower separation of
charge (0*68 units) relative to methanol (0.84 units) and
hence a polarisable transition state with an intermediate
161separation of charge .
(e) Variation of the potential of attacking reagent increases 
the rate not with increasing ionicity of the reagent, but
in accord with the previous order of reactivity observed'in 
aprotic solvents.
The above summary of evidence is in agreement with the 
suggestion made in Section (6) and leads to the conclusion 
that reaction between tetra-alkyltins and mercury(II)chloride 
in solvent acetone proceed by the mechanism which is an 
intermediate between fully open and cyclic with some separation 
of charge as shown on page
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SECTION 8
Iodinolysis of Tetra-alkyltins by I2/1”
150
91Gielen and Nasielski studied the reaction (8.1; R= Me 
Bt, Pr11, Bun, and Pr1) in methanol at 20 °C and used a large 
excess of iodide ion in order to convert essentially all
R45n + I _ ±  R I + R^Snl 8.1
of the iodine into I^. The reaction was described as going
52
through an open transition state and the reactivity sequence
is governed by steric factors as for S^2 reactions at
saturated carbon atom,
12Jensen and Davis “ have shown that the broraination of 
a series of un-symmetrical tetra-alkyltins, RSnPe^e0 , in 
methanol proceeds with inversion of configuration at the site 
of substitution and that steric effects could be correlated 
with steric effects in a-typical S 2^ reaction of alkyl 
halides ,
It seems that the former study is not complete, since
it did not involve complete series of oC— and ^-substituted
152
tetra-alkyltins, which Abraham et al emphasized the
usefulness of using bulkier alkyl groups for deducing the
stereochemical course of reaction.
It was therefore, proposed to obtain rate constants
for the iodination of tetra-alkyltins under the same conditions
c n
as employed previously^' so that it would also cover the 
complete series of oC - and ^-substituted alkyl groups.
n
The rate constants for reaction 1,8.1; R - Me, Et, Pr , 
j ne o
Bu", and Pe ) m  methanol and in presence of potassium 
iodide were determined at 20°C; the results are shown in
151
Tables 15 on page 224 and are summarised here together with
-1 ■ -1previous values* (kg in 1 mol sec ) .
R? Me Et -Prn Bu1 Pene° Pr1 Ref.
91
kg 6,8 0,80 0.10 - - 0.004
kg 6 .5 0.85 0.14 0.076 0.086 ~ This work
The method used to determine the second-order rate
constants are described on page 215 . As can be seen from
above data, for those cases where comparison with previous
values was possible, there is good agreement. However, the
steric sequence obtained is not the same as that observed
in 8,-2 reactions. ri
An attempt was also made to consider the possibility 
that, halogenation of R^Sn compounds are 6^2 reaction and 
not -S„2 reactions as follows*
.a
R^Sn + I — — R^Snl* + I
R JSnl'.+ I..   I.-R * R,SnI:   mi- J>.\ f. llw«i
Sr.,2 3
Suppose another nucleophile X~ is introduced then;
1 f ■ + ' *
R,Sn i L  — -RLrzrrr R^Snl 4-1 (1)
4 kb
R ^ S n I +  +  l “  Iii -j- R j S n i  ( 2 )
K,Snl+ * x” -— ^ m  •> R,-Snl (5)
• J
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If the intermediate R„SnI be denoted'by (S) then;
r ~
ld[R Sn][l?]- kb [d][l"]- ^[S][I“J- kX [S][X-]
at
Applying the steady state theory
"c> S
= 0
Q t
so that
I f  the observed rate is given by the decrease in I2 to 
decrease in 1^] then,
= kf [H4Sa] [I2>  kb [s] [l~]
O t *
,frB c, -I rT -1 ibrT“n { ^ C^4on] [-*-21= k [R4Sn] [I ]_ k I j   _ _
U  [I J+ k [l ]+ k [x J
Rearranging this equation there results
^ b 2] fr ir , 
- ” K s«i][i 9]lc
■at
k 1 + kx [x”] / [ l “ ] ]
k 1 -1 k x [ x " ] /  [ r  ]
(4)
how there are two possibilities (remembering that [/S ] is 
constant) 2 .
(a) Suppose k is large compa.red to k and k, and if [X J / [I J if 
not large, then from equation (4)
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lcb + k1 -i kx [X-]/ [I- ] jsj kb
since the rate equation would be
= [R,sn][l ]
Hence
k k k k Fx 3 ,rN
V  =  ------------ ------- + ---------  X  — — - ( 3 )
• k k [i ]
This situation corresponds to a fast first step (k ) and a
i x
slow second step (k and k ), then as the second step (the 
3^2 step) is the rate determining step*
(i) the observed sequence in R for reaction (8.1) should be 
the 3^2 sequence 9
(ii) if [l~] and [x~] are adjusted so that ~ e
(constant ionic strength), then a plot of \ against ratio 
[*-]/ [l~* ] should be a straight line of intercept k^ k1/ k^ 
and of slope k kA/ k . Thus the ratio slope/intercept= k^/^1
(iii) product should contain both HI and RX depending on 
k1, k-< and concentration. ■ .
(b) Suppose k^ is very small comp sired to and k.X, then 
from equation (4)
kb + k1 -i !cx [X“] / [ i g ^ k 1 + kx [x“]/ [l“]
i.nd
0 [i,]
*» k1 [R4Sn] [l2 ]
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~p
This, situation means that a slow first step (k small) is
I 3. Y \
followed by a rapid second step (k and k large), then*
(i) there should not be an 3^2 steric sequence* .
(ii) there should be no unusual effect of X on', the rate, 
but k2 should be constant.
(iii) since k1 and kx both refer to very fast steps there
should be both RX and RI in the product, unless there is
some peculiar "cage effect"
Not; in methanol at 25 G (values of logkg 1 mol~ sec~ ) 
153are as follows
Mel + I~ -2.5 Bu11! + I -4.2
and n
ile I + N~ 4 . 1  B u i  + N~ -4 .6
•> j
Since the azide ion would react with the intermediate S,
about 4 times slower than does I , the ratio of [x~J/ [l~]
was therefore adjusted to range from zero to ten,and rate
constants for reaction (8*1; R *= Et) determined under the
same conditions as before . The results of this experiment
are in Table 15g on page 226, An increase in rate was observed
on increasing the concentration of azide ion and a reasonable
straight line obtained by plotting k£ against [x~]/ [l~]•
The ratio of slope/intercept was calculated being 0*1, which
meanse that azide ion reacts 10 times slower than iodide ion
and agrees well with the previous observations as well as
with our proposition.
It is not feasible to make further suggestion from the
present data without additional experimental results, especially
ne o
in view of the difficulty in following the reaction of Pe^ 3n*
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EXPERIMENTAL
SECTION 9
Preparation and Purification of Material
157
P Preparation and purification of reactants
la 1et ra-alky1tins —
Tetraneopentyltin was a gift for which both analysis 
74and N „MeR spectrum were consistant with tetraneopentyltin
o 157
being the only species present (mcp a 128-132 °C, Lit 
135 °C)
i ,
The unsymmetrical tetra-alkyltins, R-SnPr^ (R= Me,
n i neo
Bt, Pr, Bu, and Pe* ■ ), were kindly supplied by Professor
158M .Gielen * their purity had been checked by gas-liquid
chromatography, and these were used without further
purification,
Tetraethyltin and tetraisobutyltin were prepared in
139 15 9accordance with the method of Luijten and Van der Kerk 5
The approprate Grignard reagent was first prepared, RMgBr 
i
(R= Kt and Bu )5 and reaction of this with SnCl^ gave the
tetra-alkyltin. The resulting product was distilled under
reduced pressure, and its purity was checked by gas-liquid
chromatography using the column and conditions employed 
138
by Johnston All liquid tetra-alkyltins were redistilled
6 3under reduced pressure every few weeks * The middle, 
constant boiling fractions'were collected and stored in 
the dark. Their boiling points are given below.
Compound Pound Literature Ref,
Mezl>3n 78 C/760mmHg 78 °C/760mmHg 57
Et^Sn 65 C/15 rnraHg • 65 C/ 12 • mraHg 55
-pj n
P-^/i. bni 64 'C/0.5 rnmHg 113 C/ 10 mmlig 57
BuJ Snv 75 *0/0 .1 ramHg 130 C/ 10 mmHg 57
lb Mercury(II) carboxylates
The mercury(II) monochloro acetate was prepared by the
160
method of Bateman and Conracf a The other mercury(II)
carboxylates were prepared by refluxing a large excess of
the carboxylic acid in methanol (20ml) with mercury(II)
oxide (2g) * The hot mixture was filtered, and on cooling
the clear filtrate, the mercury(II) carboxylate crystallised
out „ All the mercury(II) carboxylates were recrystallised
twice from ethyl acetate (dried over anhydrous calcium
chloride) containing a trace of the corresponding carboxylic
acid * The crystals were washed with ice-cold ether, and
dried in a vacuum dessicator over calcium chloride# The
purity of the resulting products was ascertained by a
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spectrophotometric determination' of mercury(II), and 
each new batch of mercury(II) carboxylate that was prepared 
was checked for purity in this way. Details of the prepared 
carboxylates are given below.
m ep ./ °C
Carboxylate Found Literature jSPurity Ref.
Hg(0C0But)2 215 — 99 *23
Hg(0C0Bt)2 105 108 - 110 99 *98 161
Hg(0C0ae)2
c
167 170 -  172 99 *98 74
Hg(0G0Ph)2 165 160 98*02 161
Hg(0C0CH2CH2Cl )? 120 122 99 .81 162
Hg(OCOCH2OHe)2 119 99,96 -
Hg(0C0CH2Cl)? 143 142 99 .14 jt. \j d.
a,. 'On a Koffler block, b, Spectrometrically (see page 165 ) . 
c? Compound analysis for C and H as follows*
Bound C ^ 15 *4-1 H - 1.9? Calculated C - 15 #1; h ~
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An attempt was. also made to prepare the mercury(II) 
salts of dichloroacetic • acid and trichloroacetic acid but 
because of extansive decomposition of the reaction mixtures 
the required products (see also Ref# 160) could not be 
obtained *
1° Mercury(II) halides
The mercury(II) chloride used was BDH laboratory 
grade material which was recrystallised twice from methanol. 
The recrystallised solid was dried in a "drying pistol” at 
65 °G under a pressure of 0.5 mmHg. The resulting product 
had a fusion temperature of 266 °C (LitV^a . 277 °C) .
The mecury(II) iodide used was BDH laboratory grade 
material which was recrystallised twice from methanol and 
dried at 65 °C under a pressure of 0.5 mraHg. The resulting 
product had a fusion temperature of 256 °C (Lit^^J 257 °C) •
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2 Purification of solvents
2a Methanol
BDH laboratory grade methanol (2 1) was heated under 
reflux in a nitrogen atmosphere for 1 hour and then distilled 
The first 250 ml was discarded and the middle fraction 
collected at 64-65 °C (Lit^^ 64*5 °C) and stored in the 
dark *
2b Tertiary butanol
Tertiary butanol, obtained in bulk fro^ BDH, was 
heated under reflux in a nitrogen atmosphere. Calcium 
oxide that had just previously been strongly heated in 
a silica crucible was added to the tertiary butanol, the 
mixture refluxed for 1 hour, and the tertiary butanol 
then allowed to distil over. The middle fraction (b.p „
82 - 84 °C? Lit^^ 82,5°C) was collected and stored in 
the dark.
2c Acetonitrile
Reagent grade acetonitrile was obtained from Fisons
165
Ltd*,and was purified according to the following methods 
Crude acetonitrile (2 1) 'was heated under reflux with 
phosphorus pentoxide for an hour. This procedure was 
repeated with fresh phosphorus pentoxide several times, 
until the phosphorus pentoxide was not discoloured when 
it was added to the refluxing mixture. The acetonitrile 
was then distilled from fresh phosphorus pentoxide and 
anhydrous sodium carbonate and the middle, constant 
boiling fraction (b *p „ 81-83 L'it'”^  81*6 °0) was
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collected at a rate of 2-3 ml/rain and used immediately 
after distillation.
2d Acetone
Acetone (BDH laboratory, grade) was purified according
166
to the following method? Crude acetone was allowed to 
pass slowly through a 2-foot column of Linde molecular 
sieve (4A, ^/i6 * i*1 pallets), and subsequently fractionally
M
distilled through a 1 8 Vigreux column. The middle,
166 o
constant boiling fraction (b.p. 56-57 *0, Lit. 56 °C)
was collected and used immediately after distillation.
167
A previous investigation by means of d ,M#R indicated 
that this procedure reduces the water content of acetone 
to 0,005% by weight. The middle, cut water content was 
found to be less than 0 .005^ by weight as determined by 
gas-liquid chromatography, using a pye 104 Katharometer 
with'thermal' conductivity detector. The column used was 
porpak !Q ’ under the following conditions,
Column temperature 157 *C
Flow rate 50 ml/min (for helium carrier)
o gas
Clyinder pressure 10 lb in*"
Bridge current 190 mA
Chart speed 36 / hr
Sample size 1 j\l
2e Density -measurments of acetone and calc illation of 
expansion factors
The densities, of pure acetone at 25 °C and 30 CQ were 
determined using a 25 ml density bottle with a drilled
162
stopper by the method described in Ref.168 ; corrections 
for conversion of weight in air to weight in vacuo, and 
for the apparent density of water were made exactly as 
described,, The obtained values are given below.
'iemp./ C Round Literature Ref.
25 0.78425 0.78501 169
50 0.77855 0.77935 169
The expansion factor from 25 to 30 °C required to calculate 
the initial concentrations of reactants for reaction
c 16 Q
carried out at 30 C was calculated to be 0.99277 (Lit. 
0.99276).
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5 Preparation of other materials and solutions
Te t ra e t hylammo nlu.m ace tate
A stoichiometric amount of aqueous potassium acetate 
was added to an aqueous solution of tetraethylammonium 
hydroxide, The resulting solution was acidified with dilute 
acetic acid and evaporated in a vacuum dessicator for 
several days. The viscous solution was then heated under 
reflux in a solvent 10$ acetone * 90$ water, the hot 
solution was filtered at the pump and the filtrate added 
to a large volume of ether and left for several hours* 
Yellowish crystals were deposited and were filtered off 
and dried in a ’drying pistol* at 0,5 mmHg and 45 °C, The 
crystals were so hydroscopic that their fusion temperature 
could not be determined. On exposure to the air, they 
rapidly became liquid.
Other compounds
Doubly recrystallised tetraethylammonium chloride
n
was kindly provided by S .M .Tabatabai, and crude Bu^NClO^ 
(tetra-n-butylamiBonium perchlorate) supplied by FJBehbahany 
was recrystallised twice from solvent 50$ methanol • 50$
o
water (v/v) and dried at 45 C under a pressure of 1-2 mmHg
"J TO o
for several hours (m 8p , 214't), Lit~ 213 C) .
Other compoumds such as potassium iodide, potassium 
acetate., resublimed iodine, and sodium acetate were AnalaR 
grade materials and used, without further purification.
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3c Quench solutions for kinetic analysis using rnercury (11) 
salts
All quench solutions were made up with compositions
such that after addition of the reaction aliquot, the
final solution for spectrophotometric analysis would 
- 3 - 1
contain 2.5x10 mol 1 potassium iodide in a solvent
which had a methanol water ratio of 96*4 (volume/volume,
. . 13.5 v oeiore mixing ).
The actual composition of a quench solution therefore
depended on the quenching dilution being used in the
particular reaction under study.
A general method for preparing a quench solution is 
74given previously *" and compositions of the quench solution 
used in this work are given below.
(i) lor reactions with methanol solvent
Quench dilution 
ra ti o
Methanol/g vYater/g Potassium/g
iodide
1 : 2 723.65 79.75 0.83005
1 2 5 747 .25 49.85 0.51880
1 s 50 754 .45 40 .70 0.42350
1 j 100 754 .80 40.30 0.41920
1 2 125 754 .88 40 .20 0 .41837
ii) For reactions v;j. t h o t he r sol ye n t s
Quench dilution 
ratio
Methanol/g Water/g Potassium/g
iodide
I t 50 1 755 .15 39 .91 0 .46110
1 2 100 755 .15 39 .91 0.41426
SECTION 10 
Spectrophotometric Studies
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1 Spectrophotometric studies and construction of calibration
graphs
la The spectrophotometric method for analysis of mercury(II) 
salts
The spectrophotometric method used was that designed 
by Johnston. The spectrophotometric measurments were 
made either on a Unicam SP500 ultraviolet spectrophotometer 
fitted with a 570 type cell-housing attachment thermostatted 
at 25 °Cj or on a Unicam automatic ultraviolet SP3000 
spectrophotometer.
Depending upon the initial concentration of mercury(II) 
salt used, stoppered silica cells with path-lengths ranging 
from 0.5 to 4 cm were used. A reference solution of reaction 
solvent and quench solution in the same proportions as in 
the quenched sample was used and a solvent+cell to 
solvent+cell (i.e. cell correction) measurment was made 
for each run.
Ml*
lb Measurment of Hgl^ in methanol containing acetone and 
ethylacetate
A number of mercury(II) chloride solutions with
-3 -3 -1
different concentrations ranging from 2x10 to 5x10 mol 1
were made up each in methanol, acetone, and ethylacetate
solvents. Aliquots of 0.25 ml were quenched from each of
the solutions into quenching solutions, with a dilution
factor of 100.
The optical density of each sample was measured at 
301.5 nm and 315 nm.s using 1 cm stoppered silica cells.
Values of absorbance were plotted against values of 
concentration, and the molar extinction coefficient 
determined from the slope. Molar absorptivities of Hgl^ 
in % %  methanol * 4% water containing 1% acetone and 
ethylacetate were found as follows
Additive S301.5nm S315nm S330nm S345nm
None 12330 10600 7846 5636
1% Me2C0 11780 1 0 450
1% M e G 0 2 Et 1 1 8 2 0  1 0 300
lc Determination of the calibration terms for acetone solvent 
50 different simulated reaction mixtures corresponding 
to from zero to.100% reaction in acetone were made up by 
mixing suitable volumes of standard solutions of triethyltin 
chloride, ethylmercury(II) chloride, and mercury(ll) 
chloride (ali l e5xl0~^mol 1*"^ ) such that the final volume 
of solution in each case was 25 ml (see Table 1 . 1 ) , using 
tetraethyltin and mercury(II) chloride as reactants (the 
tetraethyltin did not absorb in the region used for 
measurment) and triethyltin chloride and ethylmercury(II) 
chloride as products.
an SP30Q0 spectrophotometer. The graph of optical density 
against mercury(II) chloride concentration revealed that, 
in each case 40 points lay very nearly on a straight line,
at two wavelength
which did not pass through the origin (see graph 1.1 ).
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Table 1 .1.Samples used in calibration
HgCl2 JSt^SnCl EtHgCl (HgClgJxlO4 A A
No Vol .ml Vol*ml Vol .ml mol 1 ^ 330 rim 3 45 nm
1 25 .0 0.00 0.00 3.00 2 .00 1.640
2 24.5 0.25 0.25 2.94 2,00 1,608
3 24 .0 0.50 0.50 2 ,88 2 .00 1.583
4 23 *5 0.75 0.75 2 .82 2 ,00 1.550
5 23,0 1.00 1.00 2 .76 2 .00 1.518
6 22 *5 1.25 1.25 2.70 2.00 1.485
7 22 ,0 1.50 1.50 2.64 2.00 1.452
8 21.5 1.75 1.75 2 .58 2,00 1.422
9 21.0 2 .00 2 .00 2.52 1.995 1.391
10 20.5; 2.25 2 .25 2 .46 1.940 1.360
11 20 .0 2.50 2.50 2 .40 1.-895 1.330
12 19.5 2.75 2,75 2.34 1.850 1.300
13 ■19.0 3.00 . 3 .00' 2.28 1,810 1.270
14 18.5 3.25 3 .25 2 .22 1.760 1,240
15 18.0 3,50 3.50 2 .16 1.720 1.210
16 17,5 3.75 3 .75 2 .10 1.680 1,187
17 17.0 4 .00 ' 4 .00 2 .04 1,640 1.152
18 16.5 4 ,25 4.2-5 1 .98 1,600 1.121
19 16 .0 4 ,50 4.50 1.92 1.550 1.080
20 15 .5 4.75 4 .75 1,86 1.510 1,051
21 15-.0 5 ,00 5 .00 1,80 1 .471 1,016
22 14 .5 5.25 5,25 1.74 '1.420 0 .985
23 14 .0 5.50 * 5.50 1.68 1.379 0.954
24 13 *5 5 ,75 5 ,75 1.62 1,34-0 0 ,925
25 13,0 6 ,00 6 .00 1.56 1.301 0 .892
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Table 1,1. (continued)
HgCl2 Et^SnCl
j
EtHgCl [HgClJ xlO4 A' A
No Vol .ml Vol .ml Vol .ml
-1
mol 1 330 nm 34 5 ran
26 12.5 6 .25 6.25 1.50 1.252 0.861
27 12.0 6.50 6.50 1.44 1.210 0.830
28 11.5 6.75 6 .75 1.38 1.166 0.805
29 11.0 7.00 7.00 1.32 1.121 0.765
30 10.5 7.25 7.25 1.26 1.075 0.735
31 10.0 7.50 7.50 1.20 1.035 0.700
32 9.5 7.75 7.75 1.14 0.909 0.674
33 9.0 8.00 8.00 1.08 0.943 0.650
34 8.5 8.25 8.25 1.02 0.899 0.615
35 8.0 8.50 8.50 0.96 0.850 0.582
36 7.5 8.75 8.75 0.90 0.803 0.549
37 7.0 9.00 9 .00 0.84 0.758 0.525
38 6.5 9.25 9.25 0.78 0 .730 0.486
39 6 .0 9.50 9.50 0.72 0.684 0.454
40 5.5 9.75 9 .75 0 .66 0.649 0.422
41 5 .0 10.00 10 .00 0.60 0.600 0 .390
42 4.5 10 .25 10.25 0.54 0 .561 0.359
43 4.0 10.50 10 .50 0.48 0.510 0 .326
44 3.5 10 .75 10 .75 0.42 0.462 0.295
45 3 .0 11.00 11.00 0.36 0 .417 0 .266
46 2 .5 11.25 11.25 0.30 0.370 0.233
47 2 .0 11.50 11.50 0.24 0.323 0.204
48 1.5 11.75 11.75 0.18 0 .282 0.168
49 1.0 1.2 .00 ' 12 .00 0 .12 0 .168 0.122
50 0 .5 12 .25 ■12 ,25 0 *06 0.126 0.093
A
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Graph for the determination of the calibration 
for reaction in acetone solvent *
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These lines'were treated as
where A is the optical density, m the slope of the lines 
and n the intercept. The concentration of inorganic
m and n were determined in each case as
at 330 nm - - - - -  m - 7254*83
n c 0 ,116
at 345 n m - - - - — m =  5217*91
n = 0.079
The other calibration values used through out the 
work are as follws.
■j 7 0  ■
(i) For reactions in methanol solvent <
mercury(II) actually present as Hgl^ is given as
171Using the method of least squares the values of
t 3013  nm- m-= 11961.6
n = 0.046
at 315 nm m - "«■ 10124,0
n =. 0.036
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(ii) lor reactions in tertiary butanol solvent ♦
at $02 nm - m - 11846 .8
n a 0.055
at 315 nm - - - m ~ 9987 .8
n = 0.049
139
(iii) lor reactions in acetonitrile solvent »
at 302.5 nm ~    ~ m ~ 11890.17
n = 0.028
at 315 nm - - m = 10109 »63 
n *= 0.0235
SECTION 3-1 
Kinetic Studies
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The method of performing a kinetic run in the 
alkylation of mercury(II) salts is described below.
Since some differences exist between the methods adopted 
for halogenation reactions, the latter are treated in 
subsection 14 later.
1 The general method of performing kinetic run in reactions 
between tetra-alkyltins and mercury(II) salts
By directly weighing the reactants, stock solutions 
of each reactant at 25 °C were prepared in 25 ml standard 
grade 'A* flasks using the previously prepared solvents.
In order to prevent solvolysis of the mercury(II) 
carboxylates, small quantities of the corresponding 
carboxylic acid were added to the reactant solutions,and 
solutions for the actual kinetic runs were then prepared 
by dilution at 25 °G of the stock solutions . The flasks 
containing the solutions of reactants were then placed 
in an oil-filled (B P Energol JS-A) thermostatted bath 
(Grant instruments type CB2 5Q2) and thermostatted at 
the temperature of reaction with a tolerance of d'0,01 °C 
for about 1 hour .Where necessary, corrections from 
concentrations at 25 °G to concentration at the temperature 
of reaction were made on preparing stock solutions, using 
the expansion factors obtained from the density measurments. 
The reaction was started by pipetting the portions 
of each reactant solution into the reaction vessel (a 50ml 
graduated flask which was also maintained at the oil bath), . 
and a stopwatch started when half of the second reactant
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solution had been discharged from the pipette. The reaction 
vessel was then shaken vigorously for 30 sec to ensure 
complete mixing of the reactants, and aliquots were removed 
at intervals, using a calibrated pipette (generally fifteen 
samples were taken before the reaction had reached 75%> 
completion) „ Each aliquot was run into a graduated flask 
(10 or 25 ml depending upon the dilution factor) which 
contained about half volume of a quench solution, and the 
quench time taken when the pipette had delivered half its 
contants . Each quenched solution was then made up to the 
mark by addition of more quench solution. Addition of the 
reaction aliquot to:a solution of potassium iodide in
methanol - water (volume/volume before mixing)
115
results in the quantitative conversion of unchanged 
mercury(II) salt to the species Hgl^, which can then be 
determined spectrophotometrically.
3for the reaction
R^Sn HgXg ' — R SnX -*■ RHgX 
(a - x) (b-x) x x
the rate of reaction can be expressed in terms of the 
initial concentration of tetra-alkyltin in reaction 
mixture, a, and of mercury(II) salt, b, and the amount 
of mercury(II) consumed.
The decreasing concentration of mercury(II) salt can 
be measured from quenched samples using the calibration 
values, to convert from optical density to concentration
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of mercury(II) (see page 171) as follows.
concentration of 
in mol 1~^
a= dilution factor x ( JL-=lIL )
v m .
Thus, knowing the values of a and b and also from the 
above equation, x .(the concentration of products at time 
t), the values can be substituted into the second-order 
rate equation
and hence, the second-order rate constant, kg? for the 
reaction can be calculated .
In all cases, runs were followed to at least.60$ 
reaction, and then these calculations were carried out 
by the computer, using program C05A (see page 251), and 
then for each run, values of kgt were plotted against 
values of t, and ^  determined from the slope. In general, 
good straight line plots were obtained, and kg was calculated 
using a least squares procedure (program C05P, see page 257)« 
lor this procedure, the graph was firstly assumed fo have 
the equation
Y aX N
where Y corresponds to values of k0t and X to values of t,
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and the slope, M, corresponds to k2> N is the intercept
on the Y-axis. Ivl and N were then calculated from the
173follwing equation
A~1 n n p n nN = A (ZTq ZZX- - JZX.Y )
i=l i=l i=l i=l 1 1
A.-l n n n« =A ( “E V j -zz *, sty, )
i-1 1 1 i=l 1 i=X 1
*here / \  = n - ( ± Z x . ) 2
i-l i=l
n is the number of points on the line, and (X., Y. ) the
t hcoordinates of the i point.
Several runs were carried out in each case, until the 
variation in the values of k^ was suficiently low. The 
results of a typical run is given on the following pages, 
lor each wavelength, values of kgt were plotted 
against values of t, to give graphs as shown on page 
The values of k t and t were then fed into program C05P5 
to give the following results.
. -1 -i
lavelength Slope/1 mol min Intercept
301,5 nm 4,8895 26 .622
315 nm 4,9279 11.572
The averaged value of the slopes v/as- taken as the final
value of ,
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iit-SnPr j + Hg (0Ao)g in MeOH at 30 °C 
Acid = 0.22' ml/ 100 ml of reaction mixture 
Calibration values* 301*5 run 11961*6 0.046
315 nm 10124*0 0.036
Expansion factor 0.99389
Initial concentrations at 25"G a = 1.7054 x 10
b = 6 .7613 x 10”4
First wavelength*
Time (a - x) (b - X) kt k
0.0 0.0016950 0 .0006720
15 .0 0.0016070 0 .0005840 85 *1 5 .6759
22.5 0.0015652 0.0005422 132 *0 5 *8657
30 .0 0.0015317 0 .0005087 173*1 5 *7700
37.5 0.0015033 0.0004803 211.0 5 .6265
45 .0 0.0014795 0.0004565 245 *1 5.4470
52.5 0 .0014555 0.0004305 285 *0 5*4281
60.0 0.0014301 0.0004071 323 *8 5 .3959
67.5 0.0014113 0.0003833 357*0 5 ,2896
75 .0 0.0013908 0 .0003678 395 *7 5 ,2763
82.5 0.0013720 0.0003490 433*7 5 *2573
'90.0 0.0013561 0 .0003331 467 *9 5 *1986
97.5 0.0013419 0 .0003189 500 *2 5*1302
105 .0 0.0013273 0 .0003043 535 *4 5 .0988
112.5 0.0013143 0.0002913 568/3 5.0518
Second wavelength*
Time (a — x ) (b>  x) kt k
0.0 0.0016950 0.0006720
.15 .0 0 .0016186 0.0005956 72.9 4 *8584
22.5 0.0015781 0.0005551 3.16 .9 5 *1973
30.0 0.0015450 0 *0005220 156 .3 5 *2101
37.5 0 .0015119 0 .0004889 199,2 5 *3107
,45 .0 0.0014837 0.0004657 231 *6 5 .1461
52.5 0 .0014611 0.0004381 273*1 5 *2017
60.0 0.0014369 0.0004139 312.3 5 .2052
67*5 0 .0014176 0.0003946 345 ,7 5 *1215
75 ,0 -0.0013964 0.0003734 385 *0 5 *1337
82.5 0.0013781 0.0003551 421.2 5 *1055
90 .0 0.0013618 0.0003388 455 3 5 *0611
97 .5 0.0013465 0.0003235 489 *6 5 .0220
105 .0 0 .0013327 < 0 .0003097 522 .3 4 ,9740
112 .5 0.0013193 0.0002953 555 *5 4*9374
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Plot of kgt against t at 301 nm
500
1 mol
3 00-
200
0060 2 00 1
t/ min
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2 Reaction between unsymmetrical tetra~alkyltins and 
'mercury (II) acetate in solvent methanol at 30 °C
2a Reaction between ethyltri-isopropyltin and mercury(II) 
acetate in solvent methanol at 30°C
Stock solutions of the two reactants were made up 
as mentioned before . The quantity of glacial acetic acid 
added to mercury(II) acetate solution was 0,44 ml acid 
per 100 ml mercury(II) acetate solution. The concentration 
of acid in the reaction mixture therefore was 0 ,22 ml 
glacial acetic acid per 100 ml reaction mixture , The 
reaction solution was mixed thoroughly and. 2 ml aliquots 
were removed at intervals of 7,5 minutes, Each aliqut 
was then run into a 10 ml graduated flask which contained 
about 5 ml of quench solution and then made up to the 
mark by addition of more quench solution (dilution 
factor 50) ,
The optical density of each quenched sample was 
measured at 301,5 nm and 315 nm using 1 cm silica cells*
2b Reaction between n~propyltri-isopropyltin and mercury(II) 
acetate in solvent methanol at 50 °C
The procedure follwed was as for the reaction with 
/ethyltri-isopropyltin, with the following differences.
The aliquots5 0,2 ml, were removed at intervals of 7,5 
minutes-and run into 25 ml graduated flasks (dilution ' 
factor 125), The reaction mixtures always contained the 
same amount of acetic acid (0,22 ml glacial acetic acid 
per 100 ml reaction mixture) ,
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2c Reaction between, isobutyltri-isopropyltin and mercury(II) 
acetate in solvent methanol at 30 °C
The procedure followed was as for reaction with 
n-propyltri~isopropyltin, except that the aliquots were 
taken every 10 minutes .
2R Reaction between methyltri-isopropyltin and mercury(II) 
acetate in solvent methanol at 30 °C
Solutions of each reactant one hundred times more 
concentrated than were required for the reaction were 
prepared and diluted by successive dilution, at 30 °C.
Hypodermic syringes were used to introduce 1 ml 
volumes of each reactant solution simultaneously into 
a reaction vessel ( a 10 ml conical flask ) .The reaction 
mixture contained the same amount of acetic acid as in 
part 2a. The contents of the reaction vessel were quickly 
mixed by swirling in the thermostat bath at 30 °C, and 
then the quench solution (2 ml) added again with a 
syringe (dilution factor 2), at a predetermined time 
interval. The reaction times for a typical series of 
these ’one-point1 runs varied from 5 seconds to about 2 
minutes, and twenty-five runs were followed in each 
series .
On plotting values of kpt against t, although there 
was a scatter of points, acceptable straight lines were 
obtained in general.
Reaction between neopentyltri-isopropyltin and mercury(II) 
acetate in solvent methanol at 30 °C
The reactant solutions were made up as mentioned in 
part 2a, and reaction was started with addition of 50 ml 
from each reactant into the reaction vessel.
40 aliquots (2 ml) of the reaction mixture were 
removed and sealed up in 5 ml glass ampoules which had 
been flushed out with nitrogen. The ampoules were then 
suspended in a bottle in the oil bath at 30 °G.
Two ampoules were removed every day, opened,' and 
0.2 ml from each was run into a 10 ml graduated flask, 
quenched in the appropriate quench solution (dilution 
factor 50), and analysed as described before.
The runs were followed for 20 days to give about 
75$ reaction, A reasonable straight line was obtained on 
plotting values of k^t against t* A least squares analysis 
was used on 15 points, to give the best value of k^ .
3 Results of the kinetic studies on the reactions between
unsymmetrical tetra-aikyltina and mercury(II) acetate in 
solvent methanol at 30
Values of the second-order rate constants obtained, 
k^, for each run, are given in the following tables* a 
and b are Initial concentrations of tetra-alkyltin and 
mercury(IX) acetate respectively, ??hich were calculated 
from expressions of the form?-
 ^ Vol .of solution
' Y(t. of R-SnPr^ 1000 of R-Snprl
Q_ zz   —          ■' -— ~  X   X
M .W, of R-SnPr^ Vol. of flask total vol. of
reactn .mixture
An exactly equivalent expression, in terms of the 
mercury(II) acetate was used to calculate b at 30 °C,
Since the reactant solutions were made up at 30 °C, no 
correction for solvent expansion was necessary. For all 
the reactions, acetic acid was present at a concentration 
of 0 .22 ml glacial acid per 100 ml reaction mixture. For 
those cases in which 1 one-point’ determination were made, 
the detailed results are given.
*1 he values of rate . constants given, is the •
mean of n values of found from the kinetic runs.
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relationship*
0 -
The deviance is calculated from the standard deviation 
from the equation*—
O'
deviance (B) = — x 100 %
k2
This value for ’one-point* runs is calculated from all 
the points.* -
In cases where the number of runs was too small to 
calculate values of C1 and D, estimated values ( 0^ anc* 
D*) were obtained as follows*-
1 max rain
<$ = ( lc2 - k, )/2.
\
* O'
D * x 100 %
k,"2
results of reaction Bt-SnPr^ + Hg(0Ac)2 in MeOH
a xlO^ b x IQ3 V 2
Run no mol 1”" mol l"*1 , - 1 . - 1  1 mol nan
1 16 .76 5.93 5 .039
2 16 .95 6 .72 4 .909
3 16.95 5 .45 4.957
V
"2 “ 4.968' 1 mol
. -1ram ' ( d '= 1.31# )
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3b Results of reaction Pr-SnPr + Hg(OAc) in MeOH at 30 C
2 2
Run no
a x 10^ 
mol 1 1
4b x 10 
mol 1 1
k2
-1 -1
1 mol min .
1 15 .138 10 .069 0,9538
2 15 .138 10.320 0.9516
3 15 .138 10.616 0.9529
k2 = 0.9528 1 mol
-1 . -'I ,m m  ( B = 0 . 13# )
Results of
i
reaction Bu~SnPrP * Hg (0A(3)g in MeOH at
Run no
a x 10 
mol l”1
b x 10^ 
mol 1 1
k2
-1 ~1
1 mol min
1 14.168 9.699 0.5214
2 14.168 10.308 0,5065
= 0,5140 1 mol*”1 min”1 ( B = l .45 %)
neo i
3d Results of reaction Pe -SnPr^ + Hg(OAc)^ in MeOH at 30 C 
a = 11.512 x 10"5mol 1 b = 7.283 x 103mol I-1
wavelength 301.5 nm Ivavelength 315 nm
Time (a - x) (b- x) k2t (a - x) (b~ X) k2t
0 0,011512 0 .007288 0,011512 0 ,007288
24 0 .009947 0,005723 22 .6 0.010042 0 .005818 21.5
48 0.009136 0 .004912 38.7 0.009227 0 ,005003 36.7
72 0 .008776 0.004552 47 .2 0,008866 0.004642 45 .0
96 0.008504 0 ,004280 54.3 0.008530 0.004356 52,3
120 0 .003283 0.004059 60 .6 0,008358 0 .004134 58.4
144 0 ,008086 0,003862 66.7 0 .008165 0.003941 64,2
168 0 ,007377 0 ,003853 73,7 0 ,007997 0 .003773 69 06
192 0.007602 0.003378 85 ,8 0,007676 0,003452 81,0
216 0.007393 0,003169 92 .3 0 .007464 0.003240 39 »3
240 0.007221 0.002997 100 .0 0.007291 0 ,003067 96 ,8
259 0.007087 0 ,002863 106 ,3 0,007153 0.002929 103 .2
283 0 .006995 0 .002771 111 .0 0.007064 0 .002840 107 ,5
312 0 .006799 0,002575 121.6 0.006851 0 .002627 118,7
336 0.006665 0 .002441 129.6 0 .006708 0 ,002484 126 .9
360 0.006489 0.002266 140 ,9 0,006555 0,002331 136 .5
* Time measured in hours:,-: 1 day = 24 hours
-3 -1 -1
kg = 5 ,28 x 10 ' 1 mol min
deviance amongst the points # 0 *69 *
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Results of reaction Me*
i
-8nPr„ *!- 
3
Hg(QAc)2 in MeOH at 30 °C
a ~ 11*222
-4 -1
x 10 mol 1 b = 7.216
~4
x 10
-1
mol 1
V,’avelength 301.5 nm Wavelength 315 nm
Time (a-x) (b-x) k0t (a-x) (b-x) k9t
5
104
7.033
104
3.027 1002 .1
104
7.060
104 
3 .054 939 .5
10 6 .465 2.459 1310.9 6 .507 2 .501 1284 .6
15 6 .06 3 2.057 1595 .7 6 .102 2.096 1565 .2
20 5 .826 1.820 1802 .1 5 .839 1.8.33 1789.6
25 5 .431 1.425 2237 .1 5 .446 1*440 2218 .1
30 5 .324 1.318 238212 5 .328 1*322 2377.6
35 5.084 1.078 2770 .1 5 .089 1.083 2761.1
40 4 .977 0.971 2978.1 4.976 0*570 2979.4
45 5 .022 1.016 2887.1 5 .029 1.023 2872 .4
50 4.850 0.844 3263.8 4.853 0.847 3254 .1
55 4.873 0.867 3207 .5 4 .881 0.875 3188 .1
60 4 .741 0.735 3551.5 4.733 0.727 3574 .2
65 4.717 0.711 3619.9 4 .721 0.715 3609.0
70 4.610 0 .604 3969.6 4.609 0.603- 3976 .4
75 4.552 0 .546 4191.9 4.555 0.549 4178.7
80 4.565 0.559 4138 .8 4.567 0.561 4131.9
85 4.505 0.499 4389.9 4.504 0.498 4395 .5
90 4.432 0 .426 4746 .9 4 .423 0.417 4793.5
95 4 .440 0.434 4703.0 4 .439 0 .433 4709.5
100 4 .360 0 .354 5168 *0 4 .360 0.354 5168 .1
105 4.360 01354 5168.0 4 .356 0.350 5193.9
110 4.338 01332 5313.9 4 .334 0.328 5341.6
115 4.291 0 .285 5666 .4 4 .290 0 .284 5671 .3
120 4.303 0.297 . 557217 4.290 0.284 5671.3
Time measured in seconds
~  3 - 1 - 1
k = 2,19 x 10 i, mol min ( D -0.-92#) 
g
3f Summary of the rate data obtained for the reactions 
betr/een R-SnPr* and Eg (0Ac) ^ in methanol at 30 °C
n 1 neo
Me Et Pr Bu Pe
k2 2190 4.97 0 =952 0.514 5 .27 x 10
k2 . ,100 0.227 0.0435 0.0235 2 .41 x 10~M’
'J'e ' -1 -1
kg expressed in 1 mol min
1 1
k0 are value s of kr re 1 a.tive to k0 (Me SriPr)
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4 Reaction between tetraethyltin and mercury (II) salts in 
solvent methanol at 30 °G
4-a Reaction between tetraethyltin and mercury(II)carboxylates - 
in solvent methanol at 30 °G
Solutions of each reactant at 30 °C were prepared by 
directly weighing the reactants. In order to prevent 
solvolysis of the mercury(II) carboxylate in the reactant 
solution and reaction mixture the respective carboxylic 
acid was added to the reactant solution. Kinetic runs 
were followed as described in part 1 (see page 180 ) .Aliquots 
of 2 ml were withrawn at intervals of 10, 5, 3, and 2 
minutes for mercury(II) pivalate, mercury(II) propionate, 
mercury(II) acetate, and other mercury(II) carboxylates 
(i.e. mercury (II) -chloropropionate, mercury (II) benzoate, 
mercury(II) methoxyacetate, and mercury(II) monochloro— 
acetate) respectively into 10ml graduated flasks (dilution 
factor' 5) and made up to the mark with quenching solution.
In general good second-order plots were obtained for 
the reaction of tetraethyltin with all the mercury(II) 
carboxylates used. It was found that mercury(II)benzoate 
absorbed slightly at the region of the Hgl^ ion (i .e . at 
the wavelengths 301.5 nm and 315 nm)9 and in this case 
spectrophotomotric measurments were made with the 
appropriate concentration of mercury(H) benzoate in the 
reference cell.
To ascertain how much acid would be sufficient to 
prevent solvolysis, and yet at the same time not interfere
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with the nature of the reaction medium* the runs were .
repeated using a wide range of acid concentrations (from
zero to about 150 times the mercury(II) carboxylate
concentration) . .In the region of acid concentration where
no increase in rate was.observed for an increase in acid
concentration, the average value was noted as the actual
rate constant,
A number of runs were carried out for reaction
between tetraethyltin and mercury(II) carboxylates,
t
Hg(GCQR)2, (R - Bu , Me, and MeOCB?) as the initial 
concentration of one reactant was kept constant and the 
other varied, following the above procedure except that
.the amount of carboxylic acid in the reaction mixture
~2 -2 ~*2 —1 
was always 1,57x10 , 1,79x10 , and 2,55x10 mol 1
for mercury(II) pivalate, mercury(II) acetate, and
mercury(II) methoxyacetate respectively,
4b Reaction between tetraethyltin and mercury(II) acetate
in presence of carboxylate ion in solvent methanol at $0<aC
The procedure followed was as for the reaction with
■ mercury(II) ' acetate, v/ith following differences e ‘The
reactant solutions were made up in the presence of sodium
-1 'acetate, in varing amounts (0 .1. to 0 3  mol 1 ), and the
amount of glacial acetic acid in the reaction mixture
-? -1
was always 1,79x10 mol 1
4 c Re a cti on be t we eri ferae t hylti n and .mer c ury (11) _chlo rid e
in presence of sodium acetate in solvent methanol at pO'C
I5he procedure followed was as for the reaction with 
mercury(IX) acetate a s ’described in part 4b above,.
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5 Results of kinetic studies on the reactions between 
tetraethyltin and mercury (II) carboxylates in solvent 
methanol at 30 °C
The follov/ing tables give details, for each kinetic 
run, of initial concentration of tetraethyltin, a, initial
5a
5 b
concentration of mercury(II) carboxylate, b , the value of
second-order rate constant, k2 ,and the concentration of
carboxylic acid present in reaction mixture § c .
The mean values of kg, and the deviance, were
calculated as described on pa,ge .
JSt.-Sn + Hg 
4
(OCOBu) in MeOH at 30 °C
Run no
4a x 10 
mol l""^
4
b x 10 
mol l”1
c x 102 
rnol I”1 1
k2
-1 . -mol m m
•1
1 4 ,98 3,03 0,00 11.51
2 4- ,98 2,53 1,57 26 ,81
—? 4 ,78 2 ,63 2 .15 26.57
kg = 26 ,69 1 ®ol
-1 . -1m m ( i = 0. 45$
Et.Sn + HgH- (0C0Et)2 in MeQH at 30 °G
a x IQ4
4
b x 10 c x 10
Run no mol 1 ^ mol l"*^ mol I"”1 1 raol”"4 min"-1
1 4 ,58 '2.81 0 *00 27 .35
2 4 ,98 '2.42 1,75 50,00
3 4*93 2,32 1,55 54.40
52 *20 1 rniol~4 min ( :d = 4,21
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5 c
51
5e
Et^Sn + Hg(OCOMe)p in MeOH at
o
30 C
Run no
4a x 10 
mol 1~^
4b- x 10 
mol 1~^
_ _ 2 
c x 10
mol l”1
kp
~11 mol min
1 4 ,62 3,20 0.00 34.00
2 4,73 2.89 0 .88 71.24
3 4,73 2.79 1.80 72.02
4 4 .73 2.54 2.02 71.33
k2 = 71,53 1 mol"
-1 . -1m m ( D = ■0.49#) '
iSt^Sn Hg(0CQPh)2 in MeOH at 30 °G
Run no
4a x 10 
mol I""1
4b x 10 
mol l"1
c x 10^ 
-1mol 1
k2
1 mol~^ min’
1 4,62 2 .60 0.00 42 ,21
2 4.73 2 .71 1,64 85.58
3 4,62 2 .31 1.64 85 .51
k2 = 85 .54 1 mol'
-1 . -1 min
i—i 
vrf-on
"p
Bt48n * Hg(0C0CH2CH2Cl)p in MeOH
O0o-PCo
Run no
a x 10^ 
mol I*”1
4
b x .10
-1
mol 1
2
c x 10 
mol 1~^
k2
1 mol~^ min
1 4 .62 2 .57 0.00 68.91
2 4,62 2.48 1.57
OJ«CO00
3 4 ,78 2 .88 2 .12 90 ,42
kg- = 89.33 1 mol'
-1 . -1
ram ( D = 1.2 3?0
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5 cr
fit^ Sn + Hg (OGOCIigOMe )g in MeOH at 30 C
a x io4 4b' x 10 c x 102 k2
Run no mol 1“*^ mol 1~^ mol 1~^ 1 mol~^ min^
1 4 .95 2.47 0.00 116 .8
2 4 »95 2.57 1.20 233.5
3 4.95 2.56 1.80 232 .0
4 4.95 2.64 3.00 233 .4
k2 = 233 .3 1 mol' min~^ ( D = 0« 07%)
fit4Sn 4- Hg(0C0CH2Cl)2 in MeOH at 30 °C
4a x 10 b -x 104 c x 10^ kg
Run no mol I*"1 rnol I*"1 mol 1~^ i -i-l • ”1 1 mol m m
1 4,78 2.78 0.00 175.5
2 4.78 2.25 2.54 330.1
3 4.78 2 ,31 2.96 327.2
kg ■= 328.6 1 mol“^ ( D = 0,44%)
5h Summary of the rate data obtained for the reactions 
between fit ^Sn and Hg(0COH)g in methanol at 30 °C
Rt Bu”1 fit Me Ph ClCHoCHo Me0CHo 01CHo
<- d d
k2 26 .6 9 5 2.2 0 71.5 3 85 .5 4 89.3 3 2 3 3 . 3 - 328.6
k2r . 0.37 0.73 1 1.20 1.25 3.26 4.60
— —1 «1
kg expressed in 1 mol min
kgre] are values of kg relative to k0(Hg(OCOMe) p>) = 1
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Et4Sn + Hg (OCOMe)g in MeOH at 30 °C
Run no
4
a x 10 
rnol 1” *^
b x 10 
mol l~
4
1
k2
- , - 1 . - 1  1 mol m m
1 .9.89 '1.79 89.66
2 U I 2.39 79.95
3 It I 2.99 74 .90
4 It It 3.59 70.19
5 It It 4.19 69.33
6 It tt 5.08 64.95
7 It t 5 .98 63 .61
8 3 .96 2.99 73.15
9 4.95 t ti 75 .87
10 5.93 ti t 72 .36
11 6.92 TI t 72.55
12 7.91 , t I 76.04
13 
,11 runs
8.SO
carried out
It t
in presence of l
73.44
.79xlO~2mol 1 MeC02H
5j Sn Hr Hg (OCOMe )p in. MeOH at 30 °C
Run no 
1
a x 
mol
8 c
10 4 
. I"1 
,80
b x 10 W 
mol 1~^
2 .36
aOAc : 
mol 1* 
0.00
z 104 k2
-1 . -1 -1
1 mol m m
56 o06
2 » t n t 1.18 56 .62
3 n It t i> 1.89 53.17
4 - i 1 n ti 2 .36 51.14
3 i I it n 3.54 50 c00
6 n It n it 4.72 48 .26
.11 runs carri,ed out in presence of l .25xl0“*^mol 1~^ MeCOgH
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5k Et^Sn - r  Hg(OCOBut)2 la MeOH at 30 °C
Run no
4a x 10 
mol l”^
4
b x 10 
mol I”1
k2
1 mol min
1 10.02 1.82 32 ,84
2 t!  t! 2.42 29.77
3 t t  t t ■3.03 29 ,82
4 t t  I t .3.63 28,47
5 It t t 4.84 25 .64
6 »  It 6.05 24,85
runs carried out in presence of 1.57x10 mol 1
Et^Sn + Hg(OCOCH2OMe)2 in IJeOH at 30 °C
4 4 ia x 10 b x 10
„,1 -i -1
mol 1 mol 1 1 mol min
10 ,05 1,79 292,2
M M 2 ,39 262,9
u T1 2,99 225 *3
" ” 3,59 210,6
" " 4 ,49 193 .5
" " 5 .38 201,3
-2 _]
All runs carried out in presence of ..2,55x10 mol 1
Run no
1 
. 2
' 3
4
5
6
Me0CH9C0oH.— eL
a x 103 b x' lO2* [NaOAcjx 103 k2
Run no mol 1~^ . mol 1~^ . mol 1"*^  1 mol”*1 min"^ '
1 10*04 5 .05 0*00 0*3350
2 « « « •» 1.00 0*3299
3 ” n u 1 2.00 0 .3378
4 *» » n » 3.00 o .3382
5 " 1 " " 4.00 0.3332
~3 -1
All runs carried out in presence of 1.25^10 mol 1 MeCO
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6 Reaction between tetraethyltin. and mercury(II) carboxylates 
in solvent tertiary butanol at 30 °C
Reactant solutions were prepared in 25 ml graduated 
flasks at 30 °C, since this solvent freezes at about 25 °C . 
The mercury(II) carboxylate solutions contained the 
corresponding carboxylic acid to prevent solvolysis of 
mercury(Il) carboxylate* An ultra-sonic bath was used to 
aid the dissolution of mercury(II).carboxylates . The 
reactant solutions were then placed in a thermostatted 
oil-bath at 30 °C. The bath temperature was maintained at 
30 ± 0 *01 °C .
After the solutions had attained the reaction 
temperature ( J to f hours ), equal volumes, usually 
5 ml of the reactants solutions were added together In a
o
reaction vessel which had also been therrnostatted at 30 C, 
■Sind reaction zero-time was taken as the time when half of 
the second reactant had been discharged from the pipette. 
The reaction solution was mixed thoroughly by shaking 
vigorously for a few seconds.
As the reaction proceeded, samples were taken from 
the reaction mixture at specific times (the intervals- 
chosen according to the expected half-life of reaction 
were 25, 20, 15, 10, 39 and 2 minutes for mercury(II) 
pivalate, mercury(II) propionate, mercury(II) acetate, 
mercury.(II) yf-chloropropionate, mercury (II) methoxyacetate, 
and mercury(II) monochloroacetate respectively, and 
quenched in a given,volume of quench solution. The quench 
time was taken as the time when half the aliquot had been 
delivered •
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Generally, twelve aliquots were removed during the 
corse of a run, and optical densities of each quenched 
sample was then measured at 25 °CS at two wavelengths of 
302 nm and 315 nm* In the case of mercury(II) benzoate 
spectrophotometric measurrnenta were made as described 
on page 174 . Kuns were followed to at least 60% reaction.
The runs were repeated in presence of different 
concentrations of carboxylic acid* in the region of acid 
concentration where no increase in rate was observed for 
an increase in acid concentration, the average value was 
noted as the actual rate of reaction. Values of the rate 
constant were then calculated exactly as described on 
page 183 •
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7 Results of the kinetic studies on the reactions between 
tetraethyltin and mercury(II) carboxylates in solvent 
tertiary butanol at 30 0
Values of the second-order rate constants obtained, 
kg, fo£ each run, are given in the following tables, 
together with initial concentration of tetraethyltin, a, 
initial concentration of mercury(II) carboxylate, b, and 
concentration of corresponding carboxylic acid, c «,
The mean values of kg, and the deviance, were 
calculated as described On page
Bt.Sn '■+ H,StOCOBubg in But0H at. 30 °C
Run no
3a x 10^ 
mol l*”1
b x 103 
mol 1
2c x 10 
mol 1 1
k2
1 mol~^min
1 15 ,72 5 .108 0 .000 0.1174
2 15 o72 5 .123 0.3916 0.1386
3 10,03 5.665 1.175 0.1727
4 11.98 4 .606 1.566 0.1754
5 10,03 4.676 1.958 0.1760
6 10 .03 6 .102 2 .741 0 .1752
f
II 17.48 x 10*~2 1 mol"1 min~^ ( D = 0 .7 2 %)
Bt, Sn -r PI, 
4
g(0C0Bt)g in Eu^GPI at 30 C
lun no 
1
a. x 103
mol l_i 
10 .100
b x 105
mol 1~*^  
4 ,900
c x 10 
-1mol 1 ~ 
0.5361
k2
l.mol "'min
0.4671
2 8 .904 4,530 1,072 0.5941
3 8 .904 5 .740 1,608 0 ,6809
4 9 *645 , 4.801 2 .145 0.6676
5 ' 9 ,-645 s8b8 2 ,681 • 0,6479
k2 ■ = . 66 .55 x 10' " 1 mol
. -1 , „nun ( i) e 2.0.4^ )
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7c .JSt,Sn + Hg(OCOMe)2 in Bu^OH at 30 cC
Run no 
1
a x 10^ 
moL 1'"^  
8,675
b x 10^ 
mol 1*~^  
5.167
-,^ 2 
c x 10
mol I-1 1
0.00'
k2
mol“*^min‘
0.8648
2 8,675 5.154 0 .98 0.9272
3 8 ,675 5 .217 1,96 0.9862
4 10 ,039 5.637 2 ,94 1.178
5 9.007 4.758. 2,94 1.128
6 10 ,039 4,225 2.94 1.127
£2 = '1.144 1 mol~^ min ^ ( d' =2 .22^ )
Et Sn + Hg 
4
(OCOPh) 2 in But0H at 30 °C
Run no
3
a x 10 
mol 1”*^
b x 10^ 
mol 1~“
2
c x 10
mol 1~^
k2
1 mol“”^ mi
1 . 8 ,666 3,851- 0,00 0.4465
2 7.764 4.221 0,65 0.5524
3 7 .764 3.788 1.31 0.6051
4 8 ,666 5 .175 1.96 0.3251
* 2 m
57 .88 x 10*~2 1 giol""1 min~k ( Dt * 4 .55% •
Et^Sn + Hg (0C0CHpCH2Cl)gin bSo H at 30 *0
Run no
3a x  10 
mol
b x !03 
mol l“k
c x 102 
mol l~k
k2 -1 .1 mol mi
1 9 .466 2 .325 0,00 1,168
2 9.466 2 ,356 0,48 1.252
5 9 ,466 ' 3 .012 1.44 1.291
A.1 11,961 5 ,064 2 ,41 0,8525
TZi. ^ 1.272 1 mo-j^-i Ta:|_n i ( D* - 1,53 % ) '
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7£.: Et Sn -v Hg(0C0CH20Me)2 in BiboH at 30 °C
7g
m  no
a x 10 3 
mol 1~^ -
b. x 103 
mol 1~^
c x 10^ 
mol 1~^
k2
1 mol^'min
1 10 o092 4.889 0*00 2.909
2 10*092 5.052 0*89 3.891
3 10*092 4.958 1.19 4*071
4 10.092 5 .019 3 .88 3 .908
h =
3>908 1 mol’ min”^ ( = 2 •30 % )
Et^Sn + Hg(OCOCHpCl)p in Bu^OH at 30 °C
m  no
a x 103 
mol 1*"^
b x 103 
mol l"1
2
c x 10 
mol l”1
k2
1 mol^min
1 6 *619 3.190 0.76 17 .63
2 6 .619 3.076 1.46 18.85
3 6 .619 3.414 2.33 21.18
4 6 .619 3 .479 2 *94 . 20.27
ic„ = 20.73 1 mol,”1 min"1 ( T) = 2„19 % )
7h Summary of the rate data obtained for the reactions 
between Et ,Sn and Hg(0 CO R)  ^ in Bu^QH at 30 °C
R. Bu't Et Me Ph ClCHgCHg MeOCHp C1CH„
IL 0.1748 0.6655 1.144 0,5783 1.272 3.908 20.73
k? n 0.15 0.58 1 0.51 1.11 3.42 18.12rel
—1 —1 kp expressed, in 1 mol m m
Vo are values ox k0relavj. ve to kr> (Eg^OCOme )p j 1 
"v-rel *c
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8 Reaction between tetraethyltin and mercury(II)carboxylates
in solvent acetoriitrile at 30 °C
Solutions of each reactant at 30 °C were prepared. In
order to prevent solvolysis of mercury(II) carboxylates
the corresponding carboxylic acid was added to the reactant
solution. Kinetic runs were followed as described on page
. Aliquots of 0.25 ml were withdrawn at intervas of 5
minutes for mercury(II) pivalate, mercury(II) propionate,
mercury(II) acetate and aliquots of 0,2 ml were withdrawn
at intervals of one minute for mecury(II) methoxyacetate
and mercury(II) § -chloropropionate, and quenched, in a
25 ml and 10 ml graduated flask respectively.
About ten aliquots were removed during the course of
a run, and these were then analysed, spectrophotometrical'ly,
as described for the reaction between tetra-alkyltin and
mercury(II) acetate in methanol (see page 174 )by measuring
the optical density of the solution at 302.5 nm and 315nm*
Several runs were carried out, until the variation
in the observed values of second-order rate constant was
sufficiently low .with increase of acid concentration. The
average value was noted as the actual rate constant. ■
■ Values of the rate constant, k£? were then calculated
exactly as described on page
In general, good second-order plots were obtained
except for mercury(II) monochloroacetatec. lt was found
that in the first two minutes rnonochloroacetate reacts
with tetraethyltin very rapidly (about rJ3% of reaction)
and thereafter reacts only slowly« Therefore no proper 
results could be obtained for this.reaction.
201
9 Results of the kinetic studies on the reaction between 
tetraethyltln and mercury(1I) carboxylates in solvent 
acetonitrile at 30 *0
The following tables give details for each kinetic 
run of initial concentration of tetraethyltin, a,initial 
concentration of mercury(II) carboxylate, b, the value 
of second-order rate constant, kg, and the concentration 
of carboxylic acid present in reaction mixture, c *
The mean value of kg, and the deviance, were obtained 
as described on page
"b
9a Et^Sn + Hg(OCOBu)g in MeCN at 30 V
a x 102 b x 102 c x 102 k2
Run no mol I”1 mol I™1 mol 1_1 1 mol"’1min"’1
1 15.138 7 .478 5 .90 8.282
2 15.133 7.640 10,90 3.838
3 '6 .649 3.406 6 .649 10.05
4 15 .158 7 .583 18.10 10.23
5 15 .138 7,523 23.70 10.83
k2 = 10.13 1 mol"1 min"1 ( D - -3.8575 )
9b jfit^ Sn + Hg(0C0Et)g in MeCN at 30 °C
Run no
a x 102 
mol l-1
b x 102 
mol'1~^
c x 10 
mol 1 1
k2
mol m:
1 6.743 3 .382 0.00 6 .670
2 6 .743 3 *674 3 .69 8 .095
3 7 .185 3 .601 4.92 8.407
4 7 .185 3.283 6.77 9 ,610
5 ' 7 .185 „ 3.312 9.23 9.025
6 7 *850 3 .604 11.69 9.239
7 15 .138
•*
6 .801 24.62 9.623
k0 = £. 9,374 1 mol
-1 . -1m m ( D = 2. 711 )
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Et^Sn + Hg (OCOivle) ^ in MeCN at 30 uc
Run no
a x 102 
mol 1
b x 102 
mol I"1
c x 102 
mol 1*”^
k2
1 mol”^min
1 8 .683 3 .585 0.00 7.439
2 7.202 3 .716 3.23 7.768
3 7.202 3.384 4.03 8 .935
4 7.202 3.603 4.84 8.998
5 7.202 3 .478 6.45 10.03
6 6 .755 3.198 3.07 10.33
7 6.755 3 .418 9.68 11.18
8 6 .755 3.302 11.29 10 .43
9 6.734 3.541 12.91 10.84
10 15 .138 7.822 20.17 9.989
£r> ' = 10.47 1 mol*”1 min~^ ( D = 3.95 5S )
Ht,jSn + Hg (0 CO CI19 CHg Cl) g in MeCN at 30 cC
Run no
a x 102 
mol l"1
b x 102 
mol l~1
c x 102 
mol I*"1 -121 mol min
1 7.432 3.691 0 o00 31.30
2 '7.432 3.585 5 .48 31.83
3 7 .432 3 .733 11.80 32 .67
4 7 .449 3.405 14 .14 34.33
5 7 .432 3 .855 17 .32 32.38
6 7.432 3.710 19 .33 32 .61
!lCM
33oO 1 mol-1 • ~1m m ( -D - 2 . 35 )
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Se Et^Sn + Hg(0COCHgOMe)g :in MeCN at 30 °C
Run
n 2 
a x 10
no mol I”'5'
2
b • x 10 
mol I*"1
c x 102 
mol 1~^
k2
-11 mol min
1 7 .895 3 .446 0.00 33.57
2 7 .134 3 .446 7.25 45 .18
3 7.134 3.696 9.59 48.53
4 7.134 3.419 10 .87 50.67
5 7.134 3.802 13 .10 49.46
k2 = 49-55 1 mol"1 min"1 ( D - 4 .67$ ) ■
Summary of the rate data obtained for the reactions
between Bt„Sn and Hg (0CQR)o in MeCN at 30 °C
Rs
■' 4 ’ 11 
t
Bu Bt
c. "
Me CICHgCHg MeOCHg
k2 10.13 9.374 10.47 33.00 49.55
k
2rel 0.97 0.90 1 3 .15 4.73
kg expressed in 1 mol””'5' min
]c2rei are va~ues k2 relaJG^ -ve kp(Hg(GCOMe)g) « 1
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3_0 Reaction between tetraethyltin and mercury (11) carboxylates 
in solvent acetone at 30 °C
Stock solutions of the two reactants were made up at 
30*0, and solutions for the kinetic runs were prepared 
from these by dilution, also at 30°C« The solution of 
mercury(II) carboxylate contained corresponding carboxylic 
acid of various concentrations (from zero to about 0 „3 
mol 1 ^ „
Mercury(II) carboxylates was considerably less soluble 
in acetone at 25°G, dissolution of these compounds were 
aided by the slight heating and shaking simultaneously,, 
Kinetic runs were started and followed as described 
on page 174. . The solution was mixed thoroughly, and 0 .2ml 
aliquots removed at specific times (intervals chosen 
according to the half-life of reaction were 6, 5? 4f 2, 
and 1 minute for mercury(II) pivalate, mercury(II) 
propionate, mercury(II) acetate, mercury(II) ^-chloro- 
propionate, and mercury(II) methoxyacetate respectively, 
Each aliquot was run into a 10 ml graduated flask ?/hich 
contained about 5 ml of quench solution, and then the 
contents of the flask made up to the mark with more 
quench solution.
In general, fifteen aliquots were taken during the 
course of each reaction, and optical densities of each 
quenched sample were then measured at 25 °C, at ' the 
wavelengths of 530 nra and 345 am. Runs were followed to 
at least 60% reactiqn except that, the reaction of 
mercury(II) monochloroacetate•with tetraethyltin was
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very fast in the first couple of minutes (about 75$ 
competetion) and then very slow, so that no proper results 
could be achieved for this reaction.
Several runs were carried out, and values of the rate 
constant were calculated as described on page 183 »
A number of runs were carried out for the reaction 
between tetraethyltin and mercury(II) acetate as the 
initial concentration of tetraethyltin was kept constant 
and the concentration of mercury(II) acetate altered , 
following the above procedure except that the amount of 
glacial acetic acid in the reaction mixture was always 
2.02 x 10”2 mol I"1 .
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11 Results of the kinetic studies on the reactions between 
tetraethyltin and mercury(II) carboy,ylates in solvent 
acetone at 30 °C
Values of second-order rate constants obtained, kp, 
for each run, are given in the following tables, together 
with initial concentration of tetraethyltin, a, initial 
concentration of mercury(II) carboxylate, b, and the 
concentration of corresponding carboxylic acid present, c 
. The mean values of kpj and the deviance, were
calculated as described on page *
11a St^Sn + Hg (OCOBu)p in MepCO at 30 °C
Run no
a x 10 
mol 1”^
b x 10^ 
mol 1 “
c x 10^ 
mol I”1
k2
1 mol~^rain'
1 20.133 9*978 0.00 1.006
2 20 .188 10.037 0.78 1.038
3 18 .830 9*983 1,57 1.163
4 18 .830 9*898 2.35 1.163
5 18 .830 10 .012 3*13 1.202
6 18 .830 9*943 .4.70 0.8575
k s= 
2
1.176 1 mol^ min ^ ( B ^ 1 ,66$ )
lib at4Sn + Hg:(0C0at)9 in MepCO at 30 c0
a x 10^ b x 10^
2
c x 10 k2
Run no
1
mol mol ir1 mol 1~'L 1 mol”kmin
1 20.188 9*989 0.62 0 .8731
2 20.188 10 .000 1.23 0,9315
' 3 19*545 9 ,844 2 .46 1.203
4 19,545 10.450 • 3.08 1.247
5 19 ,388 9 *314 3.69 0,8494
k0 =C- 1 *225 1 mo
--1 . -Ii min
«
( 13 = 0 .98/^  )
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11c
lid
11s
Et^Sn + Hg(0C0Me)2 in Me2CO at 30 °C
Run no
a x 103 
mol I”"1
b x 103 
mol l”^
c x 102 
mol 1“*X 1
k2
-1mol rain
1 19.545 10.220 0.81 1.158
2 19.545 9.944 1.61 1.203
3 19 .805 9.850 3.23 1.405
4 19 .805 10.126 4.03 1.458
5 19.545 9 .712 4.84 1.459
6 19.545 9.925 6.45 1.106
s2 = 1.441 1 mol" min~^ ( 3>'= 1 .87;£ )
Et ^Sn + Kg(OCOCH2CH?Cl)2 in Me2CO at 30 °C
Run no
a x 105
mol l^1
b x 103 
mol 1~X
2
c x 10 
mol 1~i 1 -i9- .mol min
1 15 .446 7.690 0.40 4.723
2 15 .455 7 .572 1.74 6 .929
3 15 .446 7.392 2.87 7.511
4 15 .446 8.150 3 .82 7.911
5 15 .455 7.695 4.08 6.593
e2 = 7.711 1 mol"-1 . -1m m ( D*= 2 •59$ )
Et^Sn * Hg(0C0CH20Me)2 in Me^CO iat. 30 °C
a x IQ3 b x IQ3 e x  102 k2
Run no mol 1^' mol 1“X mol 1~*X 1 mol” min
1 10 .228 5 .117 0.60 9 .973
2 10.228 5.090 1.80 10.31
3 10.228 4.792 2 .40 10.55
4 10.228 • 5 .011 3.00 10.64
5 10.228 5 .006 3.60 10.59
6 10.228 5 .191 4 .80 9/505
kg := 10.59 i moi 1 mia-1 ■ ( it - o .42% )
R: b 3 Et Me cich2c h 2 MeOCH,
k2 1,176 1.225 1 <,441 7.711 10 .59
:2r.rel
0 -.82 0.85 5 .35 7.35
k2 expressed in 1 mol*"'** min”1
k2 are values of k2 relative to k2(Hg(OCOMe)2) = 1 
llg# Et^Sn + Hg (OCOMe )2 in Me2CQ at 30 °C
Run no 
1 
2
3
4
5
6
a x 10; 
mol 1“
19.994
b x 103 k2
mol 1”** 1 mol*”'* min ^
10.258 1.586
8.701 1.581
7.973 1.640
6 .981 1.679
5 .976 1.742
5 .003 1.794
7
8
9
10
11
12
19.984 
13 .958 
15 .987 
13 .589 
11.990 
9.992
5 .995
f! I!
6 .014
6 .008
n tt
1.734 
1.751
1.675
1.676 
1.703 
1.726
-2All runs were carried out in presence of 4.03x10 “mol
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12 Reaction betpeen tetraethyltin and mercury (II) salts 
in solvent acetone at various temperatures
12a Reaction between tetraethyltin and mercury(II) acetate
o
in solvent acetone at 2? C
Stock solutions of the two reactants were made up 
at 25 °C. The mercury(II) acetate solution contained 
glacial acetic acid, to give a concentration 4.03 x 10 
mol I’”'*" in the final reaction mixture. Equal volumes 
(5 ml) of the two • solutions were then pipetted into the 
reaction vessel, and reaction was followed by taking 
0.2 ml aliquots at intervals of six minutes and diluting 
with the quench solution to 10 ml.
About fifteen aliquots were removed during each run, 
and then the optical densities of the quenched solution 
were measured at 330 nm and 345 nm. The runs were followed 
for at least 60% -reaction.
12b Reaction between tetraethyltin and mercury(II) chloride 
in solvent acetone and in the presence of inert salt
o
(t e t r a-n-but y 1 amm o nium pere hi o r a t e ) at 25 C
Solutions of two reactants were made up at 25°C *
The calculated amount of tetra-n—butylammonium perchlorate 
n.
(Bu.NClQ,) was added to the reactant solutions so that 
v 4 4
the concentration of tetra-n-butylammonium perchlorate 
in the final reaction mixture varied from zero 'to 0.5 ' 
mole per liter.
The runs were followed as described in part 11a, 
aliquots of the reaction- mixture being removed every
210
30 minutes, lor all runs, the 0.2 ml aliquots were 
diluted to 10 ml with quench solution. Runs with the 
lower concentrations of added salt gave more consistant 
results, although good straight lines were obtained on 
plotting kgt values against t, values.
12c Reaction between tetraethyltin and mercury(II) chloride 
in solvent acetone at 13, 23? 30* and 40 cC
Stock solutions of the two reactants were made up 
at each temperature, and the runs were carried out as 
described in part 12a, except that there was no acid 
present in the mercury(II) chloride solution.
12d Reaction between tetraethyltin and mercury(II) iodide
o
in solvent acetone at 25 C
The procedure followed was as described in part 12a,
except that there no acid present in the mercury(II) iodie
solution. Aliquots were removed at intervals of 45minutes
and measured optical densities were fed into computer
program C05B (see page 260), which takes account of the *
equilibrium constant of the reaction, as described in
detail before .
The usual method was used to calculate kn from the£
output values of kpt.
12e Reaction between tetramethyltin and mercury(II) acetate
r>
j.n acetone solvent at 23 0 ■
The procedure followed -was as for the reaction with 
tetramethyltin in part 12a with the following differences . 
The stock solutions of the two reactants were made up
211
■with equal concentrations and the reaction mixture
- 2 —1contained acetic acid (2*02 x 10 mol 1 ), 1 ml aliquots
were removed at intervals of 15 seconds, and diluted to 
25 ml with quench solution. The optical densities of the 
quenched solutions were measured at 33Q: nm and 345 nm 
using 4 cm silica cells, and these were then fed into 
program C05A .
The special form of second-order rate equation
k2t -
a - x a
in which the initial concentration of tetramethyltin, a, 
and initial concentration of mercury(II) iodide, b, are 
equal, was used to calculate k2 from the output values 
of ( a-x )*
12f Reaction between tetramethyltin and mercury(II) chloride 
in solvent acetone at 15, 25, 30? and 40 °C
The procedure followed was as described in part 12a, 
with the following differences. There was no acid present 
in the mercury(II) chloride solution solution and the 
aliquots were removed at intervals of 30. and 15 seconds 
and diluted by quench solution from 0*2 ml to 10 m l .
12 g Re a ctlon between tetramethyltin and mercury(II) iodide 
in solvent acetone at 25 °C
These runs were carried out as described in part 
12d, except that the aliquots of 0*2 ml v/ere removed at 15 
seconds intervals and diluted to 10ml with quench solution
L3 Results of the kinetic studies on the reaction between
13a
tetra-alkyltins and mercury (I I) salts in solvent acetone 
at various temperatures
The following tables give for each run details of 
initial concentration of tetra-alkyltin, a, initial 
concentration of mercury(II) salts, b, and value of the 
second-order rate constant obtained, kg-, lor all the
mercury(II) acetate reactions acid was present at a
-2 —  1 concentration of 4*03 x 10 mol 1 *
The final values of rate constant, and hence the
mean value of kg, were calculated as described before
on page
Bt.Sn + HgClg in Me CO at 25 '0 in
n
the presence of Bu^NClO^
3 3 r n -i
a x 10 b x 10 (BU4NCIO4J kg
Run no mol I*™"*' mol 1  ^ mol 1 ^  1 mol~*Smin
1 19 -750 9-967 0*0 0 .1140
2 19 .716 10.306 0.1 0.1838
3 20/329 10 .026 0.2 0.2384
4 20.065 .10.225 0.3 0,2871
5 19 -877 10,085 0.4' 0,3616
6 20 .235 10.225 0 .5 0 17089
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13b, Kt^Sn + H g d 2 in Me^CO at various temperatures
3 3Temperature a x 10 b x 10 k2
Run no °C mol I"1 mol I-1 1 mol-1min
1 15 20.184 10.099 0.05475
2 " 20.184 10.085 0.05415
3 25 20.171 10.151 0.1113
4 " 20.171 9.937 0.1128
5 30 19.494 10.180 0.1619
6 ” 19.494 -9.893 0.1662
7 40 19.869 10.099 0.3407
8 " 19.869 9.866 0.3353
i
13c Me^Sn + HgClp in Me,,CO at various temperatures
3 3Temperature a x 10 b x 10 ko
Run no °C mol 1“^ mol 1 1 mol \nin
1 15 14.698 8.906 19.85
2 « 14.698 9.510 19.34
3 25 14-. 44*1 10,085 36 .80
4 1 14.441 10,011 36 ,75
5 30 15 .357 8.921 42 .69
6 !i 15 .357 9.230 39.08
7 40 14,809 9,076 77.37
8 " ' 14.809 9,127 72 ,39
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13d R.Sn + Hg(OAc)2 in tte^ CQ at 25 "C
a x 10 b x 10 k2
Run no mol l”^ mol l- "^ 1 mol” min
R = Et* 1 19.584 6 .058 1.157
2 19.584 6 .114 1.191
R * Me. 1 4.472 4.472 111.3
2 4.255 4.255 148.6
13e R^Sn + Hglg in Me CO at 25 t
a x 103 b x 103 *2
, -1 -1 “1 ”1 Run no mol 1 mol 1 1 mol min
R = St. 1 19.584 8.094 0.2930
2 19.584 8.262 0.2851
R = Mes 1 14.441 7.971 46.68
2 14.441 7.861 44.49
13f R Sa + HgCl in Me„C0 at 25 °C
4 2 2
103 b x 103 k2a x 
®*1 —1 ”1Run no raol 1 mol 1” 1 mol" min
R » 1 20.171 10.151 0.1113
2 20.171 9.937 0.1128
R ~ Me s - 1 14 .441 10 .083 36 .80
2 14.441 10.011 36 .75
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14- Reaction between tetra-alkyltin and iodine in solvent 
methanol at 20 CQ
14a Reaction between tetramethyltin and iodine in solvent
methanol at 20 °C
Stock solutions of the two reactants and potassium
iodide were made up at 20 °C . Calculated volumes of iodine
and potassium iodide were mixed and solutions for the
actual kinetic runs were then prepared by dilution at
2 0 °C .of this solution and stock tetramethyltin solution.
The reactions were followed by observing the decrease
in absorption at 290 nm due to the tri-iodide complex
(see the figure!4»l) • Concentration of the tetramethyltin
-2
and iodine in reaction mixture were about (9 xlO to
- 5 - 1  2.5 ^ 10 mol 1 ' ) respectivelyo
The spectrophotometric measurements were made on a
P ye-Uni cam SP800 -ultraviolet spectrophotometer fitted
with a potentiometric recorder Venture type RE 541, and
ce3_l housing thermostatted at 20 °C, using 1 c m  stoppered
silica, cells. The temperature of the cells ?/as found to
have a tolerance of - 0 *2 °C as measured with a calibrated
thermocouple.
Calculations of the second-order rate constant., kp5
were based on the assumption that the concentration of
tetramethyltin was nearly constant during the run, so
that the reaction was regarded to be of pseudo-first
order with respect to Xv „
j
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140
The kinetic equation used was*
obs *1 D oo - B 0
k, = — —  in  
Since D was found to be zero (see figurel4.1) the more 
simplified form of the equation was adopted*
k obs = _ L _  ln( V d ) 
■ t
where D0 and D are absorbance at time and tn respectively, 
n being the number of points. Thus a plot of log( D0/j) ), 
against the time t, could give a straight line of slope
„303« Using a least squares procedure (program C05P)
obs obs
k-j_ was calculated and the value of kp was then obtained
from*
, obs
2
obs
kl
Ivie^ Sn
m
Since kinetic studies were carried out usually with
o
a large excess of potassium iodide about 3 x mo3. 1,'
and since K the equilibrium constant for the -^ 2/t syste
91 £ 1
in methanol is very large ‘ (2,04 x 10r 1 mol ), this
results almost complete conversion of I2 into I ^  , Thus
at any time during a kinetic run, [xo ] • Hence, the
decrease in the concentration of tetramethyltin will equal
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Me ,Sn -i- I in MeOH and presence of KI at 20 °C 
4 2
jjvle^ Snj s= 9.150 x 10~^ . mol 1~^ 
j'l2 ] = 2.634 x 10"5 mol I”"1
M 1 ] = 2,225 x 10 mol l"1
lime/sec D/absorbance log( Do/
0 0.955 0.035
60 0.882 0.035
120 0.813 0 .070
180 0.750 0 .105
240 0.690 0.140
300 0 .640 0.174
360 0.590 0.209
420 0.545 0.243
480. 0.505 0.277
540 0.465 0 .313
600 0.430 0,347
660 0.395 0.383
720 0.368 0.414
780 • 0.342 0,446
840 0 .j>18 0 All
Slope Of 10g(Do/r)) vs . t « 5 .705- x H T 1*
, obs 
kl £= 13.139 x 10~4 sec*
-1
obs
k2 = 1.436 x. 10”2 1 mol
— 1 *~i . sec
ko = 6 .5165 1 sec*”^.
D
219
o  p  p
(<3/ 
°
Q
)So"[
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Plot of log(D0/D) against t at 29O nm
t/sec
221
the decrease in concentration of 1^, and the second-order
rate constant, kg, for overall reaction between iodine and
52tetramethyltin is given by the expression"^ »
= ^2^" x K x [l~]
Several runs were carried out, until the variation 
in the values of was sufficiently low. The results of 
a typical run is given on the following pages,
14b Reaction between tetraethyltin and iodine in solvent 
methanol at 20 °C
The procedure followed was as for the reaction with 
tetramethyltin, with a difference in the chart speed due 
to the slower of reaction.
A number of runs were carried out in the presence 
of various concentrations of sodium azide . The [l~] and 
[N^ ] are adjusted so that the ionic strength ( [l ] *[nv]) 
in the final reaction mixture was constant in all cases *
14c Reaction between tetra-n—propyltin and iodine in solvent 
methanol at 20 °C
The procedure followed was as for the reaction with 
tetramethyltin, with a difference in taking readings of 
optical densities , Since the reactions were about fifty 
times slower than those with tetramethyltin, for this 
reason the points were obtained from repeated scans 
(every 30 minutes). The Spectrum of a typical run is 
given overleaf a
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14d Reaction between tetraisobutyltin and iodine in solvent 
methanol at 20 °C
The procedure followed was as for the reaction with 
tetra-n-propyltin, although the reaction was about 2 times 
slower than those with tetra-n-propyltin.
14e Reaction between tetraneopentyltin and iodine in solvent 
methanol at 20 °C
Tetraneopentyltin solution was prepared as'usual* 
and the reaction was started with addition of a calculated 
volume .of I^ solution.. The flask containing the reaction 
mixture was placed in a cradle in a water bath at 20 °G „ 
Samples were taken daily and their absorbance measured as 
usual. The runs were followed for fifteen days, to give 
about 60$-reaction. The points on the log(Do/Q) against 
t, graphs were rather scattered, but least squares analysis 
was carried' out on the most linear set of points „
A few runs were carried out under the second—order 
condition with equal initial:concentration of iodine and 
tetraneopentyltin following above procedure,
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15 Results of the kinetic studies on the reaction between 
tetra-alkyltius and iodine in solvent methanol at 20 °C 
Values of the second-order rate constants obtained, 
k2, fox’ each run, are given in the following tables, with 
initial concentration of tetra-alkyitin, a, , initial 
concentration of iodine, b, and initial concentration 
of potassium iodide .
The mean values of k2> and the estimated deviance 
were calculated as described on page ,
15a Me^Sn + I2 in MeOH at 20 °C
a x 102 b x 105 KI x 102
Run no mol I*-1 mol l"”1 mol I*”1 -1 -11 mol sec
1 9.084 3.233 2.730
2 9.150 2.634 2.634 6 .518
k2 = 6 .543 1 mol”1 sec”1 ( D s 0.3-7$')
15b Et^Sn -s- I2 in MeOH at 20 °C
2
b x 10 KI x 102
raol 1 mol l”t
a x 10
Run no mol 1 1 mol ‘ sec
1 9.301 2 .654 2.594 0 .8451
9.160 2.730 3.230
- 1
k2 = 0.8327 1 mol sec ( o' = 1.49?; )
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15c Pr^Sn + Ig in MeOH at 20 °C
2 6 ? 
a x 10 b'x 10 [Kljx 10 k2
Run no mol 1~^ mol I-"*" mol l”^ 1 mol~hec
1 9.106 3 .233- 2.730 0.1446
2 8.943 3.810 3.218 0.1271
- —1 —1 *
kg ~ '-0.1359 1 mol sec ( D = 2.08^ )
15d Bu^Sn + lg in MeOH at 20 °C
a x 102 b x lO'* fkll x 102 k2
Run no mol 1 mol 1"^ mol 1 1 mol^sec-"*’
1 9.064 2.728 3.103 0.07390
2 9.099 3.200 2.722 0.07818
kg = 0.07604 1 mol-^ sec ( o'=1.1655 )
JO0O C)
15e Pe^ Sn + in MeOH at 20 G
A u O/tI v 'i k,a x 10 r b x 10 KI x 10* A2
-3 —1 -1 -1 —1Run no mol 1 mol 1 ‘ mol 1 1 mol sec
1 19 e980 3 *744 2.728 0.08608
Complete 'data for this run is' given in Table 15h. 
kg ~ 0.08608 1 mol~^ sec*’*1
15  ^ Summary of the rate data obtained for the reactions 
between R^Sn and Ig in methanol at 20 CQ
131 Prn , Bu1 Pe1100
0.8327 '0.1359 0,07604 0.08608
12 *7 2,08 1.16 1.32
-i -1i mol sec
3 of ko relative to k0 (Ke^Sn) ™ 100
t
K* Me
Jc2 6 ,543
k? 3-00
« “rel
kp expre ssed
k f~) a, i’e val
^rel
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15g Ht.Sn + I in MeOH at 20 °C in the
4 2
presence of KI and NaN^
m 2a x 10 
Hun no mol l”**
b x 10: 
mol 1~
? [Kl)x l8[NaN5]x 105 
 ^ mol 1~^ mol 1~^ 1
k2
mol”^sec~^
1 9.066 3 .127 12 ,132 0.000 1,219
2 9 .066 3 .127 9.706 2 .443 1.352
3 9.066 3.127 7.280 4.852 1.314
4 9 .066 3.127 4.853 7.278 1.424
5 9.066 3.127 2.426 9 .707 1.561
6 9.066 3.127 1.213 10 ,918 1.334
Ratio of (slope/intercept) in the graph vs ■* M / j q T ]
is equal 0.112, Therefore,
N3V 
' 2 * o.i x :k2
15h Pe^e°Sri + 3:2 in Me OH at 20 °C
Time/hr D/absorbance l°g( D o/D }
0.0 1,820 -
19 .0 1.524 0,077
41.5 1.482 0 .089
66 „5 1.185 0.096'
90.5 1.102 0 ,113
11.4.5 11370 0.12 3
158 .5
%
1,374 0 .122
SECTION 12 
Conductivity Studie
228
1 Determination of conductance of mercury(IX) salts in
O
solvent methanol at 50 C
Stock solutions of mercury(ll) chloride, mercury(II) 
acetate, mercury(ll) pivalate, and mercury(II) methoxyacetate 
(0*05 mol 1“ .^) were made up at 50 °C * Generally 12 simulated 
samples were fabricated by diluting suitable volumes of 
stock solution with pure methanol which was also maintained
at 50 °C, giving final concentrations of mercury(II) salts
-4 t -1
from 1x10 to 5x10”*^ mol 1 . The samples were then
thermostatted at 50°C for about an hour. The temperature
of the water bath was correct to within 0.01 °C0
The conductance of the solutions and pure methanol
•were measured at 50 °C in a Chandos linear condutivity
meter which incorporated cell corrections. The conductivity
cell used was a dip-type cell with a cell constant of 1.53,
which was thoroughly washed with distilled water and dried
before each measurment. It was then left in the solution
for 15 minutes and the conductance measurment were repeated
several times until there was no further change in the
conductance of the solution.
2 .'Determination of the conductance of sodium salts in solvent 
methanol at 50
The solutions of sodium acetate and sodium iodide
1 O
(0C05 mol 1~* ) were made up at 50 °C, the samples for 
conductivity measurraents were prepared, and the procedure 
followed as described in part 1*
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3 Results of conductivity measurments in solvent rnethanol 
at 30 °G
The following tables give, for each measurment details
of concentration of salt, C, specific conductance, K, and
the values of equivalent conductance obtained,
The values of specific conductance were obtained by
subtracting the specific conductance-of methanol (0.712 mho)
from the observed conductance of solutions» These quantities
172
were related to the equivalent conductance by equation 
i\ = 1000 x —
c
where K is specific conductance, C is the concentration
of the solution in gram equivalent per liter, and K  is
~1 2the equivalent conductance per ohms cm *
3a Conductance of HgClg in MeOH at 30 °G
-1 °^s K 2 1Sample no C/mol K /J\ moh . J\/jQ. cm equi.
1 0 *003 1.081 0.123
2 0 .002 1.110 0.199
3 0.001 0 .930 0.228
4 0.0005 0.890 0.356
5 0 .0002 0.832 0.600
6 - 0.0001 0 .773 0.680
7 0 .00006 0.769 0.950
8 0 .00001 0.730 1.380
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3b Conductance of Hg(OCOBu) in MeOH at
>le no C/mol l*”^
oba ,
- K / )K moh i \ / Q  ^  cm
1 0 .003 1,350 .0.213
2 0 .0018 1.301 0.327
3 0.00144 1.222 0.353
4 0.00122 1.150 0.359
5 0.00092 1.071 0.389
6 0 ,00072 1,000 0.400
7 0.00048 0.972 0.536
8 0 .00022 0 .920 0.945
9 0 .00012 0,870 1.317
3c 3 Conductance of Hg(0Ac)2 in MeOH at 30°C 
Sample no C/mol 1
1
2
3
4
5
6 
7 
S
0 ,003 
0,002 
0,001  
0 ,0005 
0 ,0002 
040001 
0 ,00006 
0 ,00001
1,550 
1.400 
1.251 
1.080 
0.898 
0,838 
0.803 
.0.752
0.246 
0.344 
0.538 
0 .736 
0.930 
1.260 
1.517 
3 .000
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3d Conductance of II^OCOCHgQMeJpin MeOH at
Sample no C/mol I*"1
O cr
v'
£r c
1 0.003 1.850
2 0 .00180 1.451
3 0 .00144 1.330
4 0,00122 1.302
5 0.00092 1.220
6 0 .00072 1.081
7 0 .00048 1.022
8 0.00022 0.951
9 0 .00012 0,880
3e' Conductance of Nal in
Sample no C/mol 1~^
obs 
K / moh
1 0 ,003 203.0
2 0,002 138.0
3 0.001 72.11
4 0 .0005 37 .40
5 0.0002 15*91
6 0 .0001 8.401
3f Cnductance of AcONa at
Sample no C/mol I”1
obs 
K /yi moh
1 0,003 155.0
2 0,002 108.5
3 - 0 ,001 58,21
4 0 .0005 30 .20
5
6
0 .0002 '
0 .0001
13 .41
7,302
•1 2 
cm
0,379 
0,410 
0.429 
0.482 
0.552 
0.511 
0.642 
1,082 
1.400
; 30 °C
-T1 22 cm
67.43
68 .64
71.39
73.38
75 .94
76 .88
■1 2 cm
51.43
53.89
57 *49
58.98
63 .44
65 *88
30 "C 
equi
equi
equi
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SECTION 13 .
Solubility Studie
233
1 Solubilities of mercury(II) salts in solvent acetone
la. Determination of the solubility of mercury (11) chloride 
in solvent acetone at 23 and 43°C
Saturated solutions, about 40 rnl, were, prepared by 
dissolving solid mercury(II) chloride^ in excess of the 
amount expected to dissolve,in a large tube using the 
previously prepared acetone . An ultra-sonic bath was used 
to aid the dissolution at 30 °C for about an hour. The tube 
was then placed in an oil bath at the required temperature 
(i.e. 25 and 45 °C) corrected to within 0.01 °C, and the 
solution was left to settle for a few hours, since there 
was reaction between the solute and acetone. Aliquots of 
5 ml were taken from the supernatant solution to analyse 
for mercury(IJ) chloride, and the weight of each original 
aliquot was determined as soon as it had been removed 
from the saturated solution.
A complexometric back titration method with' EDTA 
(disodium salt of ethylene diaminetetracetic acid) was 
used. The aliquots after dilution with water were buffered 
to pH -- 10 using ammonia-ammonium chloride . Excess of 
standard EDTA solution (0 .0251174 IT) was added to complex 
the mecury (II) . The excess of EDTA was determined with 
standard zinc sulphate solution (0,01033 N), using 
eriochrome black T as indicator (colour change red to 
blue) .
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1b Determination of the soliubility of mercury(II) acetate
in acetone solvent at 25 °0
Saturated solution of mercury(II) acetate in the
absence and presence- of 0.22ml of glacial acetic acid
were prepared as described in part la above . The tubes
_ o
placed in an oil bath at 2p C shaken from time to time 
over several days and finally left to settle for a few 
days.
The cornplexometric back titration method with EDTA
was found to be unsuitable due to indistinct end point.
The spectrophotometrie method used to analyse the
concentration of mercury(II) acetate in saturated solution
was as described in section 10 part la.. The samples 5 ml
of saturated solution were accurately diluted with water
to give a manageble concentration, and aliquots of 0.25ml
-2 -lx
were run into a solution of potassium iodide (2.5^10 mol-1 )
115in 96% methanol slDwater (volume/volume before mixing); 
and the optical densities of quenched solutions were 
measured at 330 aim: and 345 nm- The concentration of 
original mercury(II) acetate was calculated using the 
obtained extinction coefficients (.page 167) .
1 c .'Determine.tion of the solubility of mercury(II) acetate in 
solvent methanol at 30 °C in the presence 03? sodium acetate 
Saturated solutions of mercury(II) acetate in the 
absence and presence of various quantities of sodium acetate 
in varing amounts (from zero to 0.5 mol l"^) were prepared 
at 30 °C as described in part la above , The solutions
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contained the same amount of acetic acid, 1*25x10 nol 1,“ 
and the procedure followed was as described in part(lb) 
above, except that the optical densities of quenched 
solutions .were measured at 301*5 nm and 315 nm*
1d Determination of the solubility of mercury(II) iodide in
0
solvent acetone at 25 G
The method used was as described above ( part lb )* 
The solubility of mercury(II) iodide was also determined 
by a direct gravimetric method* Aliquots ( 5 ml ) of the 
saturated solution were removed, weighed, and left in an 
evaporating dishes, covered with a piece of.filter paper, 
so that the solvent could evaporate. When the remaining 
mercury(II) iodide was completly dry, it \?as weighed, 
and hence the weight of solute per 100 g of saturated 
solution was calculated 0
2 Results of soluhility determinations of mercury(II) salts
The following tables give details, for each mercury(II)
salts, of the weight of solute per 100 g saturated solution,
weight of solute per 100 g solvet, and mole fraction of
solute e The value of the mole fraction were calculated
173from the equation
m
m + 1000
where m =
G
C M2 
1000
X is mol fraction of solute
m is molal concentration of solute (mol per 1000 g)
solvent
C is molar concentration of solute (mol per 1000ml)
solution
is molecular weight of solvent 
Mg is molecular weight of solute 
p  is density of saturated solution
The concentration of original mercury(II) acetate and
mercury(II) iodide were calculated from the optical density
315
by the relationship
concentration HgXp ~ opt. density / eitn .coeff« 
in. mol If ' '
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2 a Solubility of HgCl2 in Me^CO
Temperature Solubility g/lOOg g/lOOg
°C mol l*"^* - sat.soln. solvent
25 3 .148 55 .87 126 .6
25 - 55..20*
45 3.079 55 *32 123.8
2b Solubility of Hgl2 in IV^CQ
Temperature Solubility g/lOOg g/lOOg
—1°C mol 1 sat.soln. solvent
25specty. 0.03028 1.731 1.761
25gravy. 0.02809 1.607 1.633
25 - - 2.090*
2c Solubility of l l g (Q C Q U e)2 in MegCO
Temperature Solubility g/lOOg g/lOOg
°G mol 1“^ sat.soln. solvent
25 0.07382 3 .513 3.641
a25 • 0.1374 6 .396 6 .833
15 - - 0.600''
2d Solubility of Hg(0CQMe)2 in MeOH at 30
in the presence of MeCf^Na
[jvl e CO 2^  ‘ Solubility
mol l”1 mol 1"*1
0 al 0.5 3
0.3 0.82
- 0.5 0.90
* values from Ref. 174*
a in the presence of 4.034x10 mol 1 acetic
mole
fraction
0 ,2131 
0.2076
mole
fraction
0 .03878 
0.03594
mole 
fraction 
0 .09485
0.1791
cC
acid
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SECTION. 14 
olecular Weight Studie
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1 Determination of molecular weiglit of mercury(II) chloride 
arid mercury (II) acetate in solvent methanol at 30 °G
The procedure adopted was an isopiestic method as
designed by Clark
Stock solution of benzil as standard and mercury(II)
salts, HgX2* ( X= Cl, and Me CO 2; ) were made up at 25 °C
—2 1with the same concentration (about 5x10 " mol 1 ). Acetic
acid was present in the mercury(II) acetate solution and 
in its own benzil reference solution, at a concentration 
1.79xl0"2 mol l”1 .
2 ml of each solution was run carefully through the 
open side arms (see overleaf ) of the apparatus, so that 
one bulb recives the standard and the other the mercury(II) 
salt solution. The filling tubes were then constricted' 
near their bases and sealed under a low pressure (0,1mm Hg), 
The closed evacuated system was then placed in an oil bath 
at 30°CS so that oil covered the entire apparatus.
The volumes of each solution was read daily by tilting 
the solutions into the graduated side arms. The readings 
were repeated until the volumes of the two solutions e 
remained constant (about 25 days), and the.successive 
constant volumes were noted as the establishment of 
equilibrium between the solutions,
2 De_termination of m03.ecular weight of mercury (1.1) chloride 
and mercury (II) acetate in solvent acetone at 40 °C
The procedure followed was as described above, except 
that the concentration of acetic acid was 2,02x10 mol 1
both iri benzil and mercury (II) acetate solution
240
16»5 cm
cm
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3 Results of molecular weight determination of mercury(II) 
salts in solvent acetone and methanol
The following tables give details, for each salt, 
of the initial concentration of standard solution, initial 
concentration of mercury(II) salt solution, and molecular
weight which were calculated from equation
Gf M V
107
M
G V-
where M, V, and G- are, respectively, the molecular weight, 
volume of solution, and weight of the standard , and 
V3 , and G-^  are the corresponding values of the mercury(II) 
salts.
3a
3b
The M.w . obtained for HgX2 in MeOH at 30 "C
X*
HgXolx 10 
J -1 mol 1 ±
[fCG^O^JxlQ2 
mol l” *^ M .w./g
Cl 5 .47 5 .02 279 o58
Cl 2 .20 2 ,69 218 .02
Me CO2 4 .06 3 .42 278.53
m e CO p 2 .41 2 ,61 300 s86
The M,w, obtained for HgX2 in MegCO at 40 °C
Xs
iigxJx io2
mol 1 “
C0~C0cf]x io2 
mol 1”^ M.w./g
Cl 4 ,80 5 .37 239/58
Cl" — — 2/70 ,50*
Me CO p 4 .84 5 .23 329.68
value froia Ref.175,
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SECTION 15
Calculation of the Activation Parameters
213
1 Calculation of the activation parameters for reaction 
between tetra-alkyltins with mercury(II) chloride in 
solvent acetone
la Arrhenious activation energy (Ea)
from the values of the rate constants of the reaction
between tetra-alkyltin, R^Sn, ( R = Me, and Et ) with
mercury(II) chloride in acetone at 25 and 40cC the .Arrhenious
140
activation energy have been calculated using equation
R h  R  kp
Ea =   x In
T
Ti fJ}i
where kg and kg are the second-order rate constants
for the reaction at temperature fj_ and T-j respectively,
is the temperature in degrees absolute (absolute
o 176
zero was taken as -273 *15 C
' , -] -IsR is the universal gas constant (1*9872 cal deg 'mol )
and log 10 was taken as 2.3026. e
The value of Ea was also determined graphically from 
the equation
T .
i - * EaIn k9 = In &
R T. 1 x
where A is a constant, known as the. pre-exponential or 
£r e q ue n cy fa c t or *
Using rate constants at 15, 25, 30, and 4 0 °C (see
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T •i
part 11,13'page 213 ) a graph of logk^ against 1/t ^ was 
plotted (see graph 15 ,1 overleaf). The graph was found to 
be a straight line in both cases and the value for the 
ilrrhenious activation energy was calculated from the slope 
using a least square procedure *
lb Enthalpy of activation (AH*')
The enthalpy of activation was calculated from 
equation
A  H  = Ea - R
where T^ has been taken as 298,15 °K,
j.
The value of A H r was also determined graphically 
from the equation
A  r r- —ixn Afi'rp . v fp . V ni . — t±±L.
, i ii !'• r 11 Ti i R« — e i =s — — -—  e 1 «r   e
h. h h
- A H *
hence in—  ~ ~~~~  + const *
Tf R Tj
a /
Using the values of rate constants at 15r 25? 30,
rj2.
and 40 cC the graph of log kg 1/rp. against 1 /^ w a s  plotted 
(see graph 15 *2 overleaf)* The graph was found to be a 
straight line in both cases and A H '  was calculated from 
the slope using a least squares procedure *
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3.4 . o -3
l/T K x 10 J
Figure 15*1.; The Arhenious plot for the reaction of 
tetraethyltin with mercury(II) chloride in acetone.
lo
g 
k
„
/
T
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-3.2-
»
T
3.2 3.4 1/T K x 10-
Figure 15 *>2. Graph o:f logkp^p against 1 in reaction 
between tetraethyltin and mercury(II) chloride in
so1vent acetone„
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X
lc Entropy of activation (ASf~)
£
For both reactions for which .AH' had been calculated
the corresponding entropy of activation is obtained from 
140equation'
1
- A H
OJi fc T ,  R • R T .
k -1* = _ J L  x e x ■ e
^ h
/\ p i i k Tfhence S -- R Ink2---+ ---— — R In -—
T± h
-16 -1
where k is Boltzman’s constant (1*33053x10- erg deg )
—2 7  1 7 7h is Plank1s constant (6.624x10 erg sec) 1
T •i 1
k2 is rate constant per 1 mol” sec and has been
taken at 293.15GK.
This quantity was also calculated from equation
A S '  = (log*. - 13.2276)R x 2.3026'
.L
Id Free energy of activation (AG )
The activation free energy is obtained for each 
reaction studied from the equation’*"^
jl it T ^  T-,
hence A G '  - R T- I n —  — R T-; lnk0~
h
rn- .
■o
This quantity also checked using the obtained
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4 J
values of A H  and A S from equation
As’1 =-As" - Ti&S*
where Tj_ has been taken as 298.15°K
2 Results of calculation of activation parameters for the 
reaction between tatra-alkyltin and mercury(II) chloride 
in solvent acetone
Values of the calculated activation parameters both
from the equation and from the graphical method for
each reaction, are given in the following tables.
The standard deviation of general activation parameter
where f(Ax ) is dependent upon the experimental temperature
of the activation parameters which were calculated from the
4- 1*70
Zi X, is given in the form of equation
<f * f usoc. )
and upon the nature of A X  , and (T* is the standard deviation
following equations-140
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Tn T-
Ti , *5
A  G298 ,15
4=
A H g g s ,15 25 *- 40
^  ^ 2 9 8 ,15 15 -- 40
v?" 4;
A H 15 -•  40
A  i i g g g ,15 25 *
~ 40
A  o ^  / - A  O g c j g ,15 15 *- 40
where k2 aa^ 2^ are ra^e constants at temerature
Ij_ and Tj at which rate constants have been obtained, and
Cfj. and CTj are their standard-deviation respectively.
2a Activation parameters for reaction Et^Sn + HgCl2
in acetone solvent
Activation Temperature
parameter interval/°C Value
21.176 ±- 0 .002 kcal mol"1 
12.476 ± 0.054 kcal mol 
12.488 ± 0.067 kcal mol-1
12.484 ± 0.067 kcal mol-1
-1 -1
-29 #14 i 0 .23 cal deg mol
-1 -1 
-29.14 - 0,18 cal deg mol
2b Activation parameters for reaction Me^En -i- KgCl2
in acetone solvent
Activation Temperature .
parameter interval/°C Value
jjsj — 1/ a 14 5 0 0OO0 kcal mol
A H 29S.15 25 - 40 9.035 ± 0.059 kcal mol"1
15 - 40 8.804 ± 0.158 kcal mol"1
298 ,15
A H *  . 1 5  - 40 8.810 ± 0.158 kcal mol"1
A ~1
^ s298.15 25 “ 40 -29.95 ± 0.20 cal deg'mol
j. ’ , .-1 -1
A S 298.15 15 " 40 -29.97 ± 0.53 cal deg 'mol
s-From the graph of logkp. vs. l/m.
3_ n
**3Prom the graph of >log(k2^/Tj) vs„ l/>p.
•v v?
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SECTION 16
Computer Programs
251
PROGRAM old no CQ5A new no CK2K 
1 BEGIN"  REAL' P, CELL;
11N T ii GJi R ' H, h, M , M, P , Q, R, S, T;
'ARRAY'A,B [l*10] ;
'INTEGER''ARRAY'TITLE [0s20] ;
’PROCEDURE’ INSTRING(A,E)»
1 ARRAY' A; ' INTEGER'M; ' EXTENAL' ;
'PROCEDURE'OUTSTRIMG(A, M );
' ARRAY' A;' INTEGER'Ivl; ' EXTERNAL' •
SELECTINPUT( 3) ;
AGAINSTsOj 
IN STRIN G (TI TLB, T ) •
HS =READj
'BEGIN' ' ARRAY' C [llH, 1:3] ;
' POR'P=l' STEP' 1' UNTIL' H' DO' ' POR' Qs =1,2' DO' c[P, q] 2 =R3AD; 
Ls=fiEAD;
'POR'Ps =1'STEP' 1'UNTIL'L'DO' A[p ]: =READ*
M •=RjSAD•
' POR'P s =1' STEP' 1' UNTIL' E' DO ' B[p] s=READ*
P s=RBAD;
'POR'P s =1'STEP'1* UNTIL'H'DO'c[p,3]s =READj 
CELLt=RiiAD?
NsssRjtSAD*
' BIS GIN ■ * ARRAY * D [is N, 1? 2+K] ?
1 PROCRDURiS * RATE CALC (TIME, Dll, O.D) *
1RRAL1 TIMR, DIL, OJ) •
* B.BGI N' ’ REAL ’ ARX, BMX,, KTy 
N i'J \ i LI ii ij (1) |
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PRINT(TIMS, 4,2);
SP A CB (5 ) ;
BKX:=(OD-C [8, 2]* CELL )*DIL»F/C [S, l] ;
AKX: = (A [p'J~B [q ])*F+BMX;
KTs =LN(B [Q] *AMX/ (A [P] *BMX)) /( ( A [p] ~B [Q] )*F)
PRINT(AHX,l,7)j
PRINT(BMX,1,7)5
PRINT(K.T,4,1);
PRII'IT(KT/T1MS, 3,4);
1 END1-
7
'PROCEDURE' DATAPRINT* 
' BEGIN1 PAPiSRTHROWt
WRITBTEXT (» (• DAT AJa SUPPLIED' ('2C' )' TITLE * (» 253 •)**)') 
I s —0 j
OUTS TRIM G(TITLE,T );
VtRITETEXi’C  (" ('C' )' HO^OF^iVAVBLENGIHS/SSPECIFIBD1 )' ). 
PRINT (TI, 1,0);
WRITETSXT ('("(' C' )' CALIBRATIOUTVALUES’ )*).
1FOR'P 8 =1'STEP11'UNTIL'H'DO'
'BEGIN' ' IF'P»l' THEM' SPACE (12) 'ELSE' SPACE (30);
PRINT(C jP, l], 5, 2); •
PRINT (C [P, 2 J, 1,4);
NEV/LIME (1) ;
’.END' ;
T/RITETBXT (' (’ NOjSOFjJAO^VALUES^SPECIFIED^u?^' )' )‘. 
PRINT (L, 2.0);
i/RITETEXT(' (' ' (*C* ) ''VALUES fJOF^AO' )' ).
'FOR'Ps=1'STEP'1'UNTIL'L'DO'
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• BEGIN "  IP'P=1"PHEN' SPACE (18) ;
'IP’P=5'THSN’WRITETEXT('(" ('C3QS')" )');
PRINT (a £p j, 1,7);
'END';
WRITETEXT ('("(' C' ) ’ NO^OF^BO^VALUES^SPECIFIfiD^^' ) ' ) 
PRINT(M,2,0);
THUTETEXT('('' ('C')'VALUESf»OF-:$BO')'); 
'H)R'P:=1'S1EP'1'UNTIL'M'D0'
' BEGIN" IFP=1' THEN' SPACE (18) ;
' IP'P=5' THEN' WRITETEXT(' (" ('G303' )")');
PRINT (B[p], 1,7);
'END';
WRITETEXT (' (’ ' (' C  )'EXPANSION&FACTOR' ('I4S' )")'); 
PRINT (F, 1,5);
WRITETEXT ('(” (' C' )' CHLL^CORRECTIOHS' ) ’ ) ;
' E0RP=1' STEP' 1' UNTIL' H' DO'
' BEGIN' ' IIP=1’ THEN' SPACE (14) 'ELSE' SPACE (30) ; 
PRINT(C[P,3],1,4);
NEWLINE(1); •
'END';
WRITETEXT (' (' CELLjSP ATHfiBNGTH' (’ 143')")');
PRINT(CELL,1,2);
WRITETEXT(' (' ' (' C' )' HO^OKPOINTSjJSPBCIHBD* (* 8S* )'')') 
PRINT(N, 2,0);
WRITETEXT(' (' ' (’ C' )' YALUESfX)I^U:iME^fW‘/5LILUTI0H;«' )' ). 
'FOR'? S =1'STEP'1'UNTIL'H'DO'
' BEGIN' WRITETEXT (' (V|yi';50D> )' ).
PEINT(P , X, 0) ;
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' END' ;
' FOR' P ; --1' STEP' 1* UNTIL' N 1 DO'
' BEGIN1 NEV/LI NB(1) ;
SPACE (8);
PRINT (D[P,l],4,2) •
PRINT (D [P, 2 J, 5,5) 5
1 POR' S s =1' STEP' 1' UNTIL1 Ii1 DO' PRI NT (D [P, 2+sJ + C [s, 3], 1,4) 
1 2ND' -f
'END';
1POR' P s =1'STEP11'UNTIL'N ’DO'
1BEGIN'D(P,l]:=KEAD; 
d [P, 2]s=RRAD;
' POR'S S =1' STEP' 1' UNTIL' H' DO' D [P, 2+s] s =R3AD-C [S, 3] •
* END* *
DATAPRINT *
1POR*P2 =1 ■» STEP!l1UNTIL1L 1 DO’
« POR1 Q: =1'1 STEP11* UNTIL'* M »DO’
1 BEGIN * PAPERTHROW *
T *-0®
OUT STRIN G (TITLE 9 T )*
WRITETEXT(! (* 1 (*20* ) * CALIBRATION^VALUESf ^ ^ S L O P E ^  
INTERCEPT*)*)f
* FOR* Ss-1* STEP * 1* UNTIL* H* DO*
* BEGIN*NEWLINE(1);
SPACE (2Q) •
PRINT (Cp ,13,5,2);
PRINT (C[3, 2],2,4); ,
'END'*
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WRITETEXT (’ (' • ('2C ) ' I N I I I A L ^ C O M C S ^ A T ^ C s ^ ^ A ^ ^ 0^  
('C20S' )" )' )♦
PRINT (A [p], 1,7);
PRINT(B[Qj,I,7)?
'POR'Si1>STEP'1'UNTIL'H'DO'
'BEGIN'WRITETEXT (' (" (' 2c’ ) AVELENGTHfiMO' )'.).'
PRINT(3,1,0)j
WRITETEXT(' (' ' (' 2C' )' ^ T I M E ^ ? ^ ^ ^ (  A - X ) ^ £ ^ ( 3 - X )
(' C')" )').
T ! =0 *
PRINT (T, 4,2).;
SPACE(5);
PRINT (A [p]*F, 1,7) ;
PRINT (B[Q>F, 1,7);
' FOR' T: E.1' STEP’ 1' UNTIL' N'30' RATECALC(X) pi, l] ,'D[T, 2'),D |"T, 2+sl) 
'END'-7
’END*; 
1 END1 • 
’END1- 
‘END1t
1 GOTO’AGAIN5 
‘END1r 
’END’*
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ORDER Off DATA FOR PROGRAM CQ5A OR CK2K 
£TITLE?
No. of wavelengths used
Calibrations
No, of a0 values used
Values of a0
No. of b0 values used
Values of b0
Expansion factor
Cell corrections
Cell path length
No. of points taken
For each point, Time Dilution Optical densities
EXAMPLE OF BATA FOR PROGRAM 005A (Corresponding to data 
on page 178 )
&ET-SNPR3 HG(OAC)2 IN MSOH AT30?
2
11961,6 0.046 10124 ,0 0,036 
I
0.0017054
1
0 ,0006761 
0,99389 
-0.003 -0 .002 
1.00
14
15 .0 5 1.440 1.240 22 .5 5 1.340 1.158 30.0 5 1 ,260 1 ,091 etc.
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PROGRAM old no C05P new no CK22
'BEGIN' 1 INTEGER' J,P; ...
P:=READ;
•FOR' J*=l'STi5P'l'UNTIL'P'DO'
'BEGIN' 1 INTEGER' I ,K, N,T;
' ARRAY1 TITLE [l s 10] ;
1 REAL' SU15X, SUilXSu , SUMY, SUKXY,A,SUMA,DEV,DENOM,M, C; 
1 PROCEDURE' IN3TRING(TITLB, T)»
'ARRAY'TITLE;
'INTEGER'I;
'EXTERNAL';
'PROCEDURE' 0UT3TRING (TITLE, T) ;
'ARRAY'TITLE;
'INTEGER'T;
'EXTERNAL';
Tt=l;
INSTRING(TITLE,T);
Ns-RSAD;
■BEGIN''ARRAYX[I|N],Y[1sN] ;
SUMXs=SUMXSQt=SUMYs=SUMXYs=SUMAs=0;
Ts=l;
0UT3TRING(TITLE,T);
NEWLINE(2);
WRITETEXT (' (' ) ' ) ;
NEWLINE(l);
' EUR'I:=1'STEP' 1'UN TIL > N 'DO'
' BEGIN' X[l3 S =READ; 
iD-j SPREAD;
SUMXs =SUMX+X [1] 5 
SUffiXSQs =SUMX3Q+X[l>X[l] ; 
SUMYs=SUMY'i-Y[l];
'SUM XY: =SUMXY-i-X [I>Y[i] ;
PRINT (X[l] ,5,3);
SPACE(2);
PRINT(Y[ll ,5,3);
NEWLINE (1) *
’END';
DENOM: =N*SUMXSQ-SUMX;
C? = (SUM3B Q*SUMY-SUMX*3UMXY) /DENOM 
M s = (N» SUM XY-SU MX«S UMY)/DENOM; 
NEWLINE (2 ) ;
WRITiSTEXT (' (' INTERCEPT/’ )' );
PRINT(C,2,4);
SPACE(2);
WRITETEXT('(’K/> )');
PRINT(M,3,4);
' POR'.Ks=l’ STEP' I' UNTIL' H' BO'
' BEGIN' As = (Y[K]-M*X[lC]-C)t2; 
SUKA*=SOMA+«}
'END';
DEV s =S-}RT (SUMA/( SUM A/( SUMXSQf (H-l 
NEwLINE(2);
WRITETEXT (' (' 3 TANDARD/DNV/' )• )• 
PRINT(DEV,3,4);
PAPERTHROS;
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ORDER OF DATA FOR . PROGRAM CQ5P OR CK22
No. of sets of data 
©
m i L a ?
No . of pairs of points 
X1 yl x2 y2 x 3 y3 V y4 etC’
'EXAMPLE OF DATA FOR PROGRAM CQ5P (Corresponding' to data 
and output on page 178 )
2
£ET-SNPR3 HG(OAC)2 IN MEOH AT 30?
14
15 85 .1 22 .5 132 30 173.1 37 .5 211 45 245 .1 52 .5 285 
60 323.8 67.5 357 75 395 .7 82 .5 433.7 90 467.9 etc.
£Ef-SNPR3 HG(0AC)2 IN MEOH AT 30?
14
15 72.9 22.5 116 .9 50 156 .3 37.5 199.2 45 231.6 
52 .5 273.1 60 312.3 67.5 345 .7 75 385 etc.
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PROGRAM old no C05B new no CK2L
•BEGIN "REAL' F,U, V, W, Y,KT, U2,CELL;
' INTEGER’ H, I, L,M,iJ,0,P, Q,R, S,T;
’ARRAY'A,B,K[l!=10];
' INTEGER' ' ARRAY' TITLE [0: 20] ;
'PRO CEDURE'INSTRING (A, M );
'ARRAY'A .'INTEGER'Us.'EXTERNAL';
•PROCEDURE•OUTSTRING(A,M);
'ARRAY'A*'INl'EGER'Mj 'EXTERNAL' ;’ 7 7
’ REAL’1 PRO CEDURE1FN(Y )•
1 REAL* Y*
1 BEGIN’ FW*®V/(Al'P] *»Y)/(W~V#Y+SQRT(U2~U*Y*(B[Q]-Y)))- 
1 END1*
*BOOLEAN'*PROCEDURE1 ERROR(P,Q,N)- 
’ VALUE’?, Q,i>I;
* REAL’P,Q»
’INTEGER'N*
1 BEGIN1 ’REAL’R*
1 INTEGER1I, J;
’SWITCH1S3*=ZERO;
1 IF’ P--0 «05 THEN’
VBEGIN** IF* Q=0 .0* THEM1 
’■BEGIN* ERROR: =* TRUE* •
1 GOTO*ZERO- 
1 END*
’ELSE’
*BEGIN*Ps=Q-
261
•END'•
'END';
PS =ABS(P)•
Qt=ABS(Q);
1 IF1 E>1.0' THEN1 R*=0 .l'ELSE' Rs<L0 .0; 
IS=j!=0;
1 FOR1 Is =1+1' WHILE'P<0 .1' OR'P >1.0' DO1 
'BEGIN'Ps=P»R.
J • y 
’END1*
QS=Q*RtJ.
I • =10tN *
J:-P*I*
I % =Q*I ;
ERROR: *=' IF’ I=J» THEN’ ’ TRUE’ ’ ELSE’ ’ FALSE’ . 
ZERO*’END’*
’REAL’’PROCEDURE’INTEGRAL(F,X,XO, XN, N )*
’VALUE1XOgXNjN*
’ REAL1 F, X, XO, XNy 
* INTEGER’N*
’BEGIN’’REAL’A ? AREA ? H *
’SWITCH’HH:=HALVEy
H:*=(XN-X0)i>2y
X:~X0y
AREA % =F y
X *-XN*
A RE A: - (ARE A m-F )’* H/ 4 y *
HALVES Hih/2?
As=AREA;
X:=X0+H/2;
ARBA:=F;
' FOR' X: =X+H' WHILE' X<XN1 DO1 AREA: =AREA+F; 
AREA:=(A+H»AR3A)/2;
' IF'ERROR(A, AREA,N)' THEN1 INTEGRALS =AREA> ELSE' ' GOTO' HALVE 
'END'-;
SELETINPUT( 3);
AGAINsT S =0;
INSTRING (TITLE, T).;
Iis-REAJ;
'BEGIN" ARRAY'C[l:H,1:5] ;
' FOR' P S =1' STEP' 11UNIIL1 H' DO "  FOR' Qs =1,21 DO' C[P, Q] s =RSAD; 
L!-READ;
' FOR' P: =1' STEP' 1' UNTIL' L' DO' A[P]:=READ;
M • 5=1id) AD f
'FOR'Pt=1'STEP'1'UNTIL'M 'DO'B[p]s“READ;
Ft =READ;
' FOR' Ps =1' STEP' 1' UNTIL' H' DO' c[55]s =HEAD; ■ ■
CELLS=READ;
NS--RSAD;
•BEGIN' 'ARRAY'D[1sN,1»2+h] ,E [lsN,ls 5] ,x[0:n];
' SWITCH'AA:=A1,A2;
1 PRO CEDURE' RATECA.LC(TIMS ,DIL, OD) •
•REAL'TIME, DID, OD;
•BEGIN'E[R,2] : = (OD~C[S, 2] »CELL)*DIL*F/Cfs, l] ;
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'PROCEDURE' DATAPRINT ;
'BEGIN'PAPERTHROW;
WRITETEXT(' (1 DATAjSSUPPLIED' (' 2C' )'TITLE' (' 253' )" )' )• 
TS-0;
0UT3TRING (SIDLE, T ) •
WRISESEXS ('("(' C' )' NOfm^WAVELBNGTHS^PECIFISD^' ) ' ) • 
PRINS (H, 1,0);
WRITETEXT (' (" ('C' )' CALIBRA SI OUTVALUES' )' );
' FOR'Ps=l'STEP'1'UNTIL'H'DO'
'BEGIN' ' IE' P=l' THEN 'SPACE (12 )'ELES' SPACE (30);
PRINT (C[P, l] , 5j2) •
PRINT (C [P, 2j ,1,4);
nev;l i n e (i )- 
'END’;
HRITETEXT (' (' N0;S0F^AGfP/ALUES^8PECIFIED^;$. )< ).
PRINT (L, 2,0) ;
WRITBTEXT('("(' C’ )'VALUjSSjSOIjSAO' )' )•
' FOR ’ P s =1' STEP' 1' UMTIL' L ’ DO'
' BEGIN "  IF' P=1' THEN' SPACE (18) •
' IF1 P=5' THEN' WRITETEXT ('("(' C303 ')")'); 
PRINT(A[P],1,7);
'END';
WRI TETEXT (' (" (' C' ) ' NO^OFf.BO'WALUES^SSPECII-IED/^^' )• ). 
PRINT(M, 2,0);
WRITETEXT('(''(1C )'VALUES^OF^BO’)');.
' FOR' Ps ~1' STEP' 1' UNTIL' K' DO ’
' BEGIN'' IF'P=1' THiiN ' SPACE (18);
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' IF' P=5' THEN' WROTETEXT ('("(' C30S ')'')•); 
PRIBT(B[P],1,7);
'END1;
WRITETEXT ('("('C')' EXPANSIONjSFACIOR' (' 14S')")') ;
PRINT (F,1,5);
WRITETEXT ( 1 ( "  ('C')' CSLLjSCORRBCTIONS' ) '  ) ;
1 FOR'Pl=1'STEP'1'UNTIE1H'DO1
1 BEGIN1 ' IF' P=J.' THEN1 SPACE (14) ' ELES' SPACE (30);
PRINT(C[P,3],1,4)j
NEWLINE(1);
'EHD'j
WRITETEXT (' (' CELLjSPATH^LENGTH' ('14S' )' 1 )' );
PRINT(CELL,1,2);
WRITETEXT (' ('.' (' C' )' NO^OF^POIHTS^SPECIFIED' < * 8S*)’*)* ) ? 
PRINT(N,2,0);
WRITETEXT ('("(' C' )' VALUES^OF^TIKE^^DILUTIOH^' )' ) ;
' FOR'Pssl' STEP' 1' UNTIL' H'DO'
' BEGIN' WRITETEXT (' (' %ytyZ0D' ) ’ );
P RI NT (P, 1,0) ;
'BHD';
'FOR'Pt=l'STEP'1'UNTIL'N'DO'
'BEGIN'NEWLINE(1);
SPACE (8);
PRINT(D[P,l],4,2);
PRIST (Dp? , 2] , 3,5);
' FOR' S: =1' STEP' 1' U N TI L'H'DO'PRI NT (D [P, 2+sj + c[s,3],l,4); 
' END' ; ,
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WRI IliTEXT (' (' ' (' C' ) ’ N OfiOF^ KfiV ALUE SUSP'S Cl ijS1 )*).
PRIM'i^I^O);
KRITU'IEXT ('("(' C' )1 VALUBSfjOF^K' )' ) ;
' FOR'P: =1' S'iSP' 1' UNl'IL' I 'DO' '
1 BBGIB1 1 IF'P=1’ THiiN' SPACE (19);
' IP' P=5' THiSN' WRITHTPXT ('("(' C30S ' )")');
PRIXT(K.|>],7,1);
' END' j 
’END1*
1 FOR'Psl1STEP* I' U2JTIL* N' DO*
'BBGIN'D[P,l] S=RBAD?
D[P,2]» =RBAD;
■» FOR' S: =1’ STEP»1* UNTIL' H' DO' DjjP, 2+s] :=READ-e[s? 3] ; 
'END';
Is =READ;
' POR' P 2 =1' STEP ’ 1' UNTIL' I' DO« r [p ] s =READ *
DATAPHINT;
«FOR'Os=1*STEP»1*UNTIL’I'DO'
' FOR’P 2 =1* STEP' 1' UNTIL' L' DO'
1 FOR1 Q* =1* STEP' 3.1 UNTIL' M' DO1 
»BEGIN'PAPERTHROW;
Ts =0;
OUTSTHING(TITLE,T); ,
WRITETEXT (*("(' 2C» ) * CALIBRATION^YALUES*^:^SLOPE^% 
INTRCEPT’)')•
'FOR'S 5 ~1'STEP'1'UNTIL1H'DO'
'BEGIN'NEWLINE(1)? >
SPACE(20);?
P R T M ' I ’/ P r  ' ^
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PRIMT(c[rf,2],2,4);
'END';
YiRITETEXT(' (' • (' 2C' )1 IMITIALjiCONCfoAT^25Cs5a^SAfo?J^;S^%^ 
B' (1 C203' )")');
PRlNT(A[p],l,6);
PRIMT(B[q ],1,6);
' PO R' S ! =1' STEP' 1' UNTIL' H1 DO ’
' BEGIN' WRITETEXT('("(' 2C )1 "/AVSLBHGTH^NO).
PRINT (S, 1,0);
WRITETEXT ('("(' 23s' )1 EQUILIBRIUM CON ST ANT1 (’ C40S1 )' O'
(•IIS')")')-
PRINT(K[0],7,1);
WRITETEXT (• (" (' 2C' )• 58s^IIKiiS^^^^(A-X)^^j5(B-X)^t 
Sf^S5 K S ^ S ^ ^ j S K 5 ^ S * ^ ^ K T j ^ ^ ^ K »  (' C' )" ) ’ );
T*0;
PRINT(T,4,2);
SPACE(5);
PRINT (A [)?]»]?, 1,6);
PRINT (b [q>F, 1,6);
' POR' Rs=l' STEP' 1' UNTIL' H ' DO'E R,4 i= 0 .0 ;
' FOR ■' R s =1 ’ STEP«1' UNTIL > N ' DO' RATE CALC (D [R, i], D [R, 2J, ) '
d CR,2 + S]);
Xjo] 5=0.0;
U t =K To] «B f_Q‘)
U2S =U'”'U-;
Y.' = 2.0*(K[o]-l);
Y( s = V® B £q] * F —U;
U;-'2.0kV-x-K
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' PGR' Rs =1' STEP11' UNTIL' N' DO' X|ji] : =B[q] s-E-E [R, 2j .
KTs-0.0;
' BOR' R: =0' S*fcSP' 1' UNTIL' M-l' DO'
1BEGIN' Ts =R-:-l;
'BOR'Ts-2' WHILE' x[Tj<X[R]'DO' • IJ?'3!>N* IHBN'1 GOTO' Al'BLSE 
■T:=<E+1;
KT s =KT+I NTB GER (BN (I), Y, X [rJ , X [T ], 6);
£[T,4]!=D[T,lJ;
B (l s 5l s =KC;
AlsRs =T—1;
1 END' •
'BOR'Rs =1'STEP'l1UNTIL'N'DO'
'BEDIN'NEWLINE(1);
PRINT (D [R, l] , 4, 2);
SPACE(5) f
PRINT (E [R,l],l,6);
PRINT (E Ql, 2] , 1,6) ;
PRINT (E [R, 3 ] } 4,1);
PRINT(E [R, 3]/D jR,l] , 3,4);
' IP' ABS (E [R, 4] -B [R, l] )>10&-6' THEN" GOTO' A2 *
PHI NT (B £r , 5 J , 4,1);
PRINT(E[R,5l/D.[R,l],3,4);
ii2 % ’ END* *
’ EED’ »’ END’ *
’END1 *’END’• '7 /
J GOTO’AGAIN*
1 END’ * ’ EK'D’ ;
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ORDER Off .DATA FOR PROGRAM CQ5B OR CK2L 
£TITLJ3?
No.of wavelengths used
Calibrations
No, of a0 values used
Values of a0
No. of bD values used
Values of b0
Expansion factor
Cell corrections
Path length of cell
No.of points taken
for each point, Sirae, Dilution Optical densities 
No . of equilibrium constants used 
Values of equilibrium constants
EXAMPLE OF DATA FOR PROGRAM CQ5B OR CK2L 
LEP4SN + HG-I2 IN ME2C0AP 25?
2
7254.83'0.116 5817*91 0.079 
1
0.019584
1
0.008262
1.00
-0 .003 ~0.002 
1.00 
14
45 50 0.993,0.717 90 50 0.853 0.617 120 50 0.781 0.565etc..
9
0 3  1.5 2 .0 2 .5 3.0 3 .4 4 .0 4 .5 5 .0
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'PROGRAM C05Q
DIMENSION A(4), X (3) 
RBAD(1,1)(A(I),I=1,(4)
FORMAT (4F9 .6)
WRITE(2,22)
FORMAT(20H1 THE A COEFFICIENTS) 
WRITE (2, 33) A(1),A(2),A(3),A(4) 
FORMAT(IX, 4F20,8/5X)
CALL CUBIC(A,X,Y)
WRITE(2,2)
FORMAT (15H1 THE ANSWER IS)
DO 4 J=l,3
WRITE(2, 3) X(J),Y(J)
FORMAT(IX, 2F20.8/5X)
CONTINUE
GO TO DIMENSION A (4), X(3) , Y (3)
STOP
END
READ FROM(MI,LIBRARY FILE.CUBIC) 
SUBROUTINE CUBIC (A,X,Y) 
DIMENSION A(4),X(3)fY(3)
REAL K,KK 
DO 4 1=1,3 
X(I) = 0.0 
Y (I) = 0.0 
CONTINUE
IF(A(4),HQ .) .)) RETURN
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DBM = 1.0/(3.0»A(4)>
P = A(3)*D.EH 
Q = A(2)*D3N 
R = A(l)/A(4)
A A = 3.0*(Q - P**2)
BB — 2 ,0*P** 3 -* 3 .0*P*Q + R
IF(4,0*'AA**3 + 27.0»BB»*2) 3,2,1
A IP = 0.5*(SQRT(BB**2 + 4 ,0*AA**3/27 .0) - BB)
Z = ABB (ALP)
K = Z**(l .0/3.0)
K = SIGH(K, ALP)
X(l) = K - AA/(3.0*K) - P 
'KK ?= 6 ,0*K
X(2) = AA/fCK - 0.5*K - P
Y(2) = (AA/KX + K»0.5)*SQRI(3,0)
X(3) = X(2)
Y(3) = -Y( 2)
RETURN
IP( AA„NB.0.0 .OR.BB .ME.0.0) GQ TO FORMAT(IX, 2P20 .8/5X) 
X(l) -= -P 
X(2) = -P 
X(3) = -P
.RETURN
R = SQRT(-4.0*AA/3.0)
THiST <* A.C0S(-4.0*BB/fi*»3}/3.0 
PI = 8.0*ATAN(1.0)/3.0 
X(l) = R*COS(THiST) -,P 
X(2) = R»C0S(P1 + THJ3T) - P
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X(3) = R* COS (PI - THjJT) -:P
RETURN ■ -
END
ORDER OP DATA POR PROGRAM CQ5Q
THE CCEFPT CIENT3, d, C, b,a, WITH NO SPACE IN BETWEEN
EXAMPLE OF DATA POR PROGRAM CQ5Q 
0.0000001-0.000478-6923.752208999999
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